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Abstract: Ticks are known vectors of many zoonotic diseases that affect humans and 
livestock. The incidence of tick-borne disease continues to increase in humans and 
companion animals in the U.S. yet distribution maps for several tick vectors in Oklahoma 
are not available or outdated. Additionally, there is knowledge gap regarding large 
mammal species which transport ticks as well as how ecoregion affects tick encounter 
risk for humans and companion animals.  To address these knowledge gaps, county-scale 
tick records from peer-reviewed literature and passive collections were reviewed for 
Oklahoma as well as active collections. By these methods D. variabilis, D. albipictus, I. 
scapularis, and A. maculatum were identified in 88%, 45%, 66.2%, and 64.9% counties 
in Oklahoma, respectively. The American black bear (Ursus americanus) recolonized 
into the state of Oklahoma in the mid-1980s. The habitat for black bear is also important 
for several tick species in Oklahoma which are also known vectors for zoonotic diseases. 
Currently, there is no information on the tick species parasitizing the black bear in 
Oklahoma. Between May and August 2014, working with ODWC and NREM, 1159 ticks 
were collected from 62 bear. Between February and March 13 adult bear and 22 cubs in 
dens were monitored to determine which tick species fed on them. The primary species 
found on the bear was A. americanum (69.3%) and only 3 ticks were found on adult bears 
during denning season. Oklahoma has one of the highest annual incidence rates for tick-
borne diseases in the U.S. Oklahoma state parks are well-visited creating an opportunity 
for the public to come into contact with tick-borne diseases. Between April-August 2015, 
1035 ticks were systematically collected from six state parks across Oklahoma. There 
was a higher risk for encountering A. americanum, especially in the eastern side of the 
state. The ticks were tested by PCR for tick-borne pathogens and 9.49% A. americanum 
pools tested positive for E. chaffeensis. The data discussed within this thesis provides 
valuable update concerning the distribution, host selection, and tick encounter rates 
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 Ticks are well known vectors of many zoonotic diseases that affect humans and 
livestock (Mullen & Durden 2009). These tick-transmitted diseases are caused by 
pathogens including protozoa, bacteria, and viruses (Mullen & Durden 2009). Even 
without a pathogen present, a tick bite can cause serious allergic and/or toxic reactions, 
temporary paralysis, and even the wounds caused by a tick bite may produce secondary 
infections that can be dangerous to humans as well as reducing the value of livestock 
(ruined hides, gotch ear) (Mullen & Durden 2009; Edwards et al. 2011). Because of this, 
ticks are an important vector to study in the fields of public health and veterinary health. 
 When evaluating the risks of tick-borne diseases within a given area or state, it is 
important to know where the tick species are distributed before most ecologically-
relevant questions can be asked.  Oklahoma tick species of medical and veterinary health 
concern have different distributions within the eleven ecoregions throughout the state. 
The distribution of these tick species reported in the literature is outdated and surveys are 
needed to update these distributions. These county-level surveys would provide a better 
understanding of tick-borne diseases from an epidemiological standpoint.  
 In addition to knowing where specific tick species are distributed within a given 
area, ticks are unable to move great distances on their own and require the movement of 
their host to transport them from location to location. Mainly, ticks are transported by 
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White-tailed deer (Odocoileus virginianus) as the deer move throughout their home 
ranges in the state (Childs & Paddock 2003). Other tick transporters in the southcentral 
United States include coyotes and feral hogs (Bloemer et al. 1988; Sanders et al. 2013). 
In order to better understand how ticks move throughout the state, more research is 
needed to focus on Oklahoma’s larger mammals that could also be used as transient 
hosts.  
 As ticks use their hosts to move in a given region, they potentially move 
throughout the state as vectors of one or more tick-borne pathogens. This creates a 
potential risk to humans, pets, and livestock that may come within the range of tick hosts 
and thus come into contact with the ticks. Recreational areas, such as state parks, are 
areas of special concern as the habitat is usually left for conservation purposes and may 
leave park visitors and employees at risk for tick-borne pathogens. Thus, studies in state 
parks can provide valuable information regarding the risk of exposure to ticks and tick 
borne pathogens in the wider ecoregion (Eisen et al. 2013).     
 This thesis addresses the gaps in knowledge concerning the ecology and 
distribution of these ticks within the State of Oklahoma. The research objectives for the 
research described in this thesis are:  
1. Update the distribution maps of four tick species of medical and veterinary 
importance within the state at the county level (Dermacentor variabilis, 
Dermacentor albipictus, Ixodes scapularis and Amblyomma maculatum).  
2. Investigate the possibility of Oklahoma’s population of American black bear 
(Ursus americanus) as tick hosts and transporters within a given region.  
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3. Investigate the risk of exposure to ticks and tick borne pathogens within six 






REVIEW OF LITERATURE 
Ticks are exclusively parasitic animals from the Order Parasitiformes, Suborder 
Ixodida (Varela-Stokes et al. 2009). The Suborder Ixodida includes three families, 
Ixodidae, Argasidae, and Nuttalliellidae.  The tick species of focus in this thesis are all 
from the family Ixodidae, also known as the ‘Hard Ticks’.  The term “hard” refers to the 
presence of the dorsal shield or scutum in the Ixodidae family (Varela-Stokes et al. 2009). 
Within the family Ixodidae, there are several genera with the largest being the genus 
Ixodes.  
Hard ticks display sexual dimorphism with the females are capable of expanding 
to a size larger than the males during blood-feeding as the males either fed in small 
quantities or not at all, depending on the species (Varela-Stokes et al. 2009). Hard ticks 
have three feeding stages in their life cycle (larvae, nymph, and adult) (Figure 2.1). In 
most cases, each feeding stage has a different host.  Tick species that exhibit a feeding 
behavior of three separate hosts are called “three-host” ticks (Varela-Stokes et al. 2009). 
Most hard tick species mate on the host.  After the female fully engorges, she will drop 
off the host, find a suitable habitat and lay between 2,000-18,000 eggs and die (Varela-




Figure 2.1. Three-Host tick life cycle. Photo credit: University of Missouri Extension 
 
Many species of hard ticks display a host-seeking behavior called “questing”. 
During a particular time of the day, the tick will climb the vegetation and extend the 
forelegs while waiting for a host to pass (Figure 2.2) (Varela-Stokes et al. 2009). The 
tick’s activity to find a bloodmeal will depend on temperature and humidity due to being 
sensitive to desiccation (Semtner & Hair 1973). Some hard ticks will also “hunt” for a 






Figure 2.2. An example of a male Lone Star tick questing on vegetation.  
 
Hard tick species are generally non-nidicolous and are often found in wooded 
habitats, areas of secondary growth, and/or disturbed areas that contain their host species 
(Varela-Stokes et al. 2009). Being non-nidicolous, hard tick species actively pursue their 
hosts or wait for the host (questing) to brush past them. Nidicolous tick species live and 
develop in nests, feeding often on their hosts.  
Environmental factors play a significant role in the tick’s ability to transmit 
pathogens. Due to their sensitivity to desiccation, preferred tick habitats contain shelter 
from high temperatures and low humidity, such as dense leaf litter (Varela-Stokes et al. 
2009). Ticks are very susceptible to desiccation and, as such, need to be in thick 
vegetation which generally has higher humidity. Additionally, the microclimate also 
affects the height on which the ticks crawl up the vegetation and wait for their next 
bloodmeal (Randolph 2004). In hot dry climates, ticks will quest lower in the vegetation, 
often coming in contact with only small animals, or none at all (Randolph 2004).  
Humidity plays a major role as an environmental barrier to tick presence and 
activity, being critical in their resting and feeding behaviors. Ticks may go months or 
even years without a bloodmeal so they must be able to maintain their water/ion balance 
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(Openchain & Galun 1982).  To achieve this balance, ticks have developed many 
physical, morphological, and behavioral characteristics to counter their loss of water.  
When they sense an increase in humidity, the tick crawls out of their resting habitat and 
into the vegetation to quest for a bloodmeal.  When the tick senses a decrease in humidity 
or a change in water balance, it climbs back down into the substrate where the humidity 
is higher and it can re-equilibrate the water/ion balance again.  Should the tick not be able 
find an adequate place to re-hydrate, it will dehydrate and die (Openchain & Galun 
1982).   
Each major tick species in Oklahoma has very specific characteristics which make 
them unique as well as highly adapted to the hosts they feed on as well as the habitats in 
which they live.  The next section of the literature review will highlight specific aspects 
of each tick species that are common in Oklahoma.  







Figure 2.3. Dermacentor variabilis. Photo credit: Dr. R. Grantham, Oklahoma State 
University  
 
 Dermacentor variabilis (The American Dog tick) (Fig 2.3) is distributed 
throughout most of the central and eastern United States (Fig 2.4) as well as most of 
Oklahoma (Fig 2.5) (Eddy 1940). This species is the principle vector of Rickettsia 
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rickettsii (pathogen responsible for Rocky Mountain spotted fever) (Dergousoff et al. 
2013) as well as Francisella tularensis, the causative agent of Tularemia (Dergousoff et 
al. 2013).    
 Adult D. variabilis are normally found on a wide variety of small to medium 
sized mammals (Bishopp et al. 1945) with rodents being the preferred host for the 
immature stages (Bishopp et al. 1945). This species of tick is found in a wide variety of 
habitats. Bishopp et al. (1945) reported finding these ticks more in grassy areas where as 
Sonenshine & Levy (1972) found a higher frequency of adult ticks captured in a mixed 
upland and hickory dominant forest areas.  Peak abundance varies between locations 
(Burg 2001). Some areas report peaks between late May to late June, some mid-July, and 




















Figure 2.5. Historical populations of D. variabilis within the state of Oklahoma. 
Recreated map from Master Thesis (Eddy 1940).  
 
2) Dermacentor albipictus (Winter Tick):  
 
Figure 2.6 Dermacentor albipictus. Photo credit: University of GA 
 
 Dermacentor albipictus (Winter tick) (Fig 2.6) has a reported range in the 
subarctic regions of North American (Baldridge et al. 2009).  It also has been recorded in 
Oklahoma since 1940 (Eddy 1940). Interestingly, the distribution of this species has been 
reported within the range of white-tailed deer (Odocoileus virginianus) especially in the 
southern states of the U.S. (Baldridge et al. 2009).  Known as a vector of Anaplasma 
marginale, Anaplasma phagocytophilum and Francisella-like endosymbionts (Baldridge 
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et al. 2009), it has not been identified as a vector for Borrelia burgdorferi even those this 
pathogen was detected in ticks collected in Oklahoma (Kocan et al. 1992).   
 This species is a one host tick that primarily parasitizes Cervids but will also 
infest cattle (Baldridge et al. 2009). This species appears to have benefited from the 
substantial deer population recovery in the central United States (Cortinas & Kitron 
2006).  In Missouri, a higher prevalence of D. albipictus was reported on deer in the 
upland habitats rather than the lowland habitats (Kollars et al. 1997). In Alberta, Canada, 
engorged female D. albipictus drop off their hosts and lay eggs in June with the eggs 
hatching between August and September (Drew et al. 1985). The larvae molt into 
nymphs and adults during the winter and early spring (Drew & Samuel 1985).  There are, 
however, no reports of the phenology of this tick species in the southern United States.    
 
3) Ixodes scapularis (Blacklegged Tick):  
 
Figure 2.7. I. scapularis. Photo credit: Dr. R. Grantham, Oklahoma State University  
 Ixodes scapularis (The blacklegged tick) (Fig 2.7) has a reported range 
throughout the central and eastern United States (Fig 2.8) (Dennis et al. 1998).   Ixodes 
scapularis is also present in Oklahoma but the distribution of the tick within the state is 
based on old data which needs to be updated (Fig 2.9) (Dennis et al. 1998).  
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 Ixodes scapularis is primarily known as most important tick species of public 
health importance in North America because it is the main vector for the agent of Lyme’s 
disease (Borrelia burgdorferi), Human Granulocytic Anaplasmosis (HGA) (Anaplasma 
phagocytophilum), Babesiosis (Babesia microti) (Hutchinson et al. 2015) as well as other 
bacteria (Yabsley et al. 2009; Jin et al. 2012; Johnson et al. 2015).   
The hosts for the larvae and nymphs include small mammals and lizards/skinks 
(Durden et al. 2002, Garvin et al. 2015) while the reported hosts for adults are mainly 
cattle and white-tailed deer (Barnard 1981, Kocan et al. 1992; Schmidtmann et al. 1998).  
Bear may also be a possible host for this tick species as was reported in Georgia, Florida 
and Louisiana (Yabsley et al. 2009; Leydet Jr. & Liang 2013).  
Ixodes scapularis is normally associated with forested ecoregions (Dennis et al. 1998).  
In southeast Oklahoma, adult female Blacklegged ticks were present on cattle from 
October through April and adult males between October and January (Barnard 1981).  In 
the southern US, the peak abundance for adult females is normally from late October into 
December with a small peak again in March and April (Barnard 1981). Older literature 
reports that immatures feed on their hosts between June and December and peak 




Figure 2.8. CDC range map for I. scapularis. Credit: CDC online.  
 
Figure 2.9. Historical populations of I. scapularis within the state of Oklahoma. 
Recreated from Dennis et al. 1998.  
 
4) Amblyomma maculatum (Gulf Coast Tick):   
 
Figure 2.10. A. maculatum. Photo credit: Dr. R. Grantham, Oklahoma State University  
  
Amblyomma maculatum (the Gulf Coast Tick) (Fig 2.10) is a tropical species of tick, 
once found along the Gulf Coast of Southern U.S. states, now found in Oklahoma (Fig 
2.11) (Barker et al. 2004). The earliest report of the Gulf Coast tick in Oklahoma was 
1942 in Pittsburg and Comanche Counties (Barker et al. 2004). The introduction of the 
Gulf Coast tick into Oklahoma is attributed to cattle being brought into Oklahoma from 
Gulf Coast regions (Teel et al. 2010). The population distribution of this tick species 
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throughout the state is based on surveys carried out 20 years ago and updated information 
is required (Fig 2.12) (Barker et al. 2004).  
 Amblyomma maculatum is an important vector of pathogens which affect both 
humans and companion animals.  Rickettsia parkeri, a milder form of Rocky Mountain 
spotted fever, was first identified in Gulf Coast ticks in 1937.  Since then, this pathogen 
of public health importance has been reported throughout the Southern US (Trout et al. 
2010). Although one nymph in Oklahoma was reported to be infected with R. parkeri 
(Sumner et al. 2007), this pathogen has not been found in any other samples from the 
state (Paddock et al. 2015). The Gulf Coast tick is also an important vector for 
Hepatozoon americanum, an important pathogen which affects canine populations in the 
southern US (Ewing & Panciera 2003).  
The A. maculatum tick is a three-host tick and has been collected from 71 species 
of birds and mammals in the U.S. (Teel et al. 2010). Larvae have been recorded from 38 
species and nymphs from 44 (overlapping species) (Teel et al. 2010). The Gulf Coast tick 
has been collected from cattle, horses, deer, coyote and dogs (in Oklahoma) (Barker et al. 
2004) and bear in Georgia and Florida (Yabsley et al. 2009). These ticks appear to have 
an attachment preference on the inner surface of the ears for cattle and White-tailed deer 
(Schmidtmann et al. 1998). 
 The habitat types that are suitable for Gulf Coast ticks in Oklahoma include the 
grand prairie, west cross timbers, cross timbers, Cherokee prairies, central rolling red 
plains and prairies, and grasslands dominated by big bluestem, little bluestem, 
switchgrass,  and yellow Indian grass are bordered by wooded uplands of chiefly post oak 
and blackjack oak (Teel et al. 2010).  
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 In the northern counties of Oklahoma, peak abundance of A. maculatum larvae 
and nymphs (on eastern meadowlarks) has been reported in July and August respectively 
(Teel et al. 2010). Adults have been most abundant on cattle in the April to June (Teel et 
al. 2010). There is a current need to confirm this phenology pattern after climate changes 
















Figure 2.12. Historical populations of A. maculatum within the state of Oklahoma. 









5) Amblyomma americanum (Lone Star Tick):   
 
Figure 2.13. A. americanum. Photo credit: Dr. R. Grantham, Oklahoma State University  
 
Amblyomma americanum (Lone Star Tick) (Fig 2.13) has been historically 
present in the Southern part of the US and has been slowly invading new areas during the 
last 30 years.  It is now found up into Maryland and Nebraska (Figure 2.14). Lone star 
ticks have historically been associated with the Southeastern portion of Oklahoma (Fig 
2.15) (Semtner & Hair 1973) and have now been described throughout almost the entire 
state (Barrett et. al. 2015). 
Next to I. scapularis, this tick species is one of the most important tick vectors of 
pathogens affecting humans and companion animals in the United States (Childs & 
Paddock 2003).  It is has been reported to transmit pathogens such as Ehrlichia 
chaffeensis, Ehrlichia ewingii, Francisella tularensis, and Borrelia lonestari, some 
Rickettsia spp. and Cytauxzoon felis (Mullen & Durden 2009; Springer et al. 2014).  It is 
also the vector the recently described Heartland Virus which claimed its 3rd victim in the 
United States in Eastern Oklahoma in the summer of 2014 (Savage et al. 2013; Press 
2015). There is also a possibility that it is the vector species for Bourbon Virus, a second 
tick-borne virus recently described in Missouri with the 2nd case occurring in Payne 
County, Oklahoma in May 2015 (Kosoy et al. 2015).    
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A notorious tick pest for humans and animals in the U.S., all three stages of this 
species are opportunistic in terms of host selection (Mullen et al. 2009). It would appear 
that any mammal or ground feeding bird have potential to be a host for this species, as 
they are aggressive and actively host-seek over wide areas. White-tailed deer are 
considered the primary host and transporters of adults (Bloemer et al.1988; Mullen & 
Durden 2009).  All stages of tick have been recorded all over the body of deer but adults 
seem to concentrate on the outer ear, head, udder, and escutcheon whereas the nymphs 
stick to the ears (both inner and outer) and the larvae have been found on the ears and 
forelegs (Bloemer et al. 1988).  
In Oklahoma, adult ticks can be found on the ground from February into early 
April and can be found questing on vegetation from late April to August (Semtner & Hair 
1973). The peak abundance for adult species has been recorded to be in late May or early 
June (Semtner & Hair 1973). Adults collected in Cherokee Co. OK were more likely to 
be found in either a Persimmon-sassafras grove or in a winged elm wood.  However, the 


















Figure 2.15. Historical populations of A. americanum within the state of Oklahoma. 
Recreated from Springer et al. 2014. 
 
One of the first components in understanding vector borne diseases within a given 
region is to know where specific tick vectors are distributed within that area.  As has been 
documented in Figures 2.5, 2.9, 2.12 and 2.15, no surveillance of four of these tick 
species has been actively carried out for almost 20 years.  There is no published record of 
the distribution of D. albipictus in the state. It is important then to know where tick 
vectors are present as questions develop regarding the epidemiology and ecology of each 
tick-borne disease within Oklahoma and the wider Great Plains region. 
 
Known and possible host of tick species and their presence in Oklahoma  
Ticks do not travel far within a given area and rely on their hosts to take them 
from one place to another (Ruiz-Fons & Gilbert 2010).  In fact, this movement normally 
occurs during the act of feeding so the movement of ticks has nothing to do with their 
own need to change environments but is an effect of the their ectoparasitic lifestyle.   
The white-tailed deer (Odocoileus virginianus) is a keystone species in its habitat 
and is a critical host for most important tick species in the US and particularly in 
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Oklahoma for the five species summarized above (Bishopp et al. 1945; Bloemer et al. 
1988; Kocan et al. 1992; Schmidtmann et al. 1998; Waller & Alverson 1997). As ticks do 
not move far on their own, deer are considered play a major role in the distribution of 
these tick species (Childs & Paddock 2003).  Adult ticks for each of these five species 
have also been identified in the Southcentral regions of the US on coyotes (Bloemer et al. 
1988) and feral hogs (Sanders et al. 2013) which also serve to move them throughout a 
given area. 
 Another important transporter of ticks within their home ranges are American 
black bear (Ursus americanus) (Yabsley et al. 2009).  The American black bear has a 
range that incorporates most of the North American continent, down to the northern 
ranges of Mexico (nwf.org, 2015). Depending on the abundance of food available, annual 
home ranges have been recorded as large as 116km2 for adult males and 12km2 for adult 
females (Smith & Pelton 1990). Researchers have observed that black bears are more 
active during the summer months, which is during the black bear breeding season 
(Garshelis & Pelton 1980). When food is abundant, black bears can become large with 
males reaching 600lbs and females reaching 200-300lbs (nwf.org, 2015, personal 
observation). This species is able to live up to 30 years in the wild (nwf.org, 2015) which 
makes the black bear a potentially long lived, large mammal with extensive home ranges 
which may increase the possibility of being an important host and distributor for many 
tick species (Zolnik et al. 2015). Black bear have been associated with various tick 
species found in Oklahoma.  Nims & Durden (2011) identified I. scapularis on black bear 
in northern Georgia while Yabsley et al. (2009) identified A. americanum, D. variabilis, 
I. scapularis and A. maculatum on black bear sampled in southern Georgia and northern 
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Florida.  These same four species were identified from black bear in Louisiana by Leydet 
and Liang (2013) while Manville (1978) identified Dermacentor variabilis, D. albipictus 
and Ixodes scapularis on free-ranging bear in Wisconsin.   
The American black bear (Ursus americanus) is an important mega omnivore that 
was once found all over the state of Oklahoma (Lyda & Helgren 2007). Recolonization 
efforts in Arkansas in the 1960s have proved to be successful and it is estimated that the 
black bear returned to Oklahoma in the 1980s (Lyda & Helgren 2007). Oklahoma black 
bears inhabit a variety of habitats including oak-hickory and oak-pine forests (Lyda & 
Helgren 2007) which are the same habitats utilized by some of Oklahoma’s tick species. 
Bears may be important hosts to these ticks and they may be spreading ticks throughout 
their home range, bringing ticks into contact with other wildlife, livestock, humans and/or 
pets. To date, there is no information published on the tick species that parasitize 
Oklahoma black bears.  
The ecology of tick species and tick-borne pathogens in State Park systems. 
When considering the ecology of tick species and the pathogens they transmit, it 
is often difficult to find smaller representative study areas in which to develop ideas and 
models of what is happening on a wider scale.  In the United States, there is a system of 
National Parks as well as system of State Parks.  These State Parks are developed 
wilderness areas, normally centralized around a particular recreational sites (lake, river, 
and mountain) and the environment is purposely left as pristine and undeveloped as 
possible (Eisen et al. 2013).  It is within these park ecosystems that relationships can 
begin to be understood between various habitats, ticks species, their varied hosts, and the 
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possible pathogens that may be transmitted to humans and companion animals which 
come to enjoy the quieting effects of a wilderness area.   
Much of our understanding of ticks and their environments have come from studies 
centered in state and local parks throughout the United States (Eisen et al. 2013). For 
example: 
1) Researchers in Wisconsin surveyed four state parks for the presence of I. scapularis 
between May and June 1998 using a dragging sampling method along hiking trails. 
They determined the average risk of encountering an infected nymph (with Borrelia 
burgdorferi) ranged from 0.5 to 5.2 infected nymphs per hour (Paskewitz et al. 2001).  
2) Researchers surveyed for the presence of ticks in eight parks in Texas between 1990 
and 1992. They reported finding Borrelia spirochetes in 1.03% of the 5,141 A. 
americanum collected (Rawlings & Teltow 1994).  
3) A study in California investigated both hiking trails and picnic areas within a 
Regional park and found three species of human-biting ticks. Borrelia spirochetes 
were identified in 1.6% of the D. variabilis and 0.6% of the I. pacificus collected 
(Lane 1996).  
4) On the eastern side of United States, researchers in Florida conducted a 2 year study 
in a state park and recreational area and found four major human-biting ticks: I. 
scapularis, A. americanum, A. maculatum, and D. variabilis (Cilek & Olson 2000). 
They reported that the ticks were collected seasonally and the greatest risk for tick 
attachment was at their campsites where almost 60% of adult and nymphal ticks were 
collected (Cilek & Olson 2000).  
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5) Finally, though by no means all, a recent study from a National Military Park in 
Pennsylvania reported I. scapularis with a Borrelia burgdorferi infection risk index 
of 1.3 infected nymphs/hour (Han et al. 2014).  
As Lyme disease is a serious disease, it is noteworthy that the majority of park studies 
focus on ticks that are vectors or potentially could be vectors of B. burgdorferi. However, 
there are other serious tick-borne pathogens that need to be investigated as well.   
Some of the critical aspects which can be gleaned from working on ticks and their 
associated pathogens in state park system include (modified from Eisen et al. 2013): 
1) The risk for exposure to vector-borne pathogens in U.S. national and state parks is 
poorly understood.  
2) Active tick surveillance in a state park system, if complemented by risk modeling, 
could assist in identifying where and when certain park personnel and visitors are 
at greatest risk for exposure to vectors and vector-borne pathogens. 
3) This improved knowledge base then, at a local level, could lead to the 
development of detailed information (high risk areas and activity time periods) 
which could be disseminated to park visitors and specifically crafted to inform 
park personnel about the risks associated with tick vectors and vector-borne 
pathogens and provide practical suggestions for personal protection measures.  
4) These aspects learned within these state park systems would then be directly 
applicable to a wider geographic context within the United States as well as 
worldwide.   
The Oklahoma state park system is particularly well-used, ranking 15th in the 
U.S. in annual visitation (Siikamaki 2011; Siderelis et al. 2012). Most popular recreation 
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activities in Oklahoma state parks, including hiking, camping, and dog-walking, are 
associated with a high risk of exposure to ticks and tick-borne diseases. Of particular 
concern for public health officials in Oklahoma is: (1) the temporal overlap between the 
spring and summer peak of recreation in parks and the period during which ticks are most 
active, (2) Oklahoma’s high incidence rates for several tick-borne diseases, including 
Rocky Mountain Spotted Fever, Ehrlichiosis, Tularemia (Francisella tularensis), and 
Southern Tick Associated Rash illness [STARi] (Department of Health (OSDH) 2014) 
and (3) the possible presence of other tick-borne diseases that cause substantial morbidity 
in other regions but have uncertain distribution and incidence in Oklahoma.  By 
conducting active surveillance in state parks across Oklahoma during the summer 
months, we will begin to develop a better understanding of the ecology of tick species 
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ACTIVE SURVEILLANCE TO UPATE COUNTY SCALE DISTRIBUTION OF 
FOUR TICK SPECIES OF MEDICAL AND VETERINARY IMPORTANCE OF 
OKLAHOMA 
Abstract 
The incidence of tick-borne disease continues to increase in humans and companion 
animals in the United States yet the distribution maps for several tick vectors in 
Oklahoma, including Dermacentor variabilis, Dermacentor albipictus, Ixodes scapularis 
and Amblyomma maculatum, are not available or outdated. To address this issue, county-
scale tick records from peer-reviewed literature and passive collections were reviewed for 
Oklahoma.  Additionally, dry ice traps, tick drags and harvested deer were utilized to 
actively collect adult ticks throughout the state.  Through these methods, D. variabilis, D. 
albipictus, I. scapularis, and A. maculatum were identified in 88% (68/77), 45% (35/77), 
66.2% (51/77), and 64.9% (50/77) of counties in Oklahoma, respectively. Baseline maps 
were developed for the distribution of D. variabilis and D. albipictus and distribution 
maps were updated for I. scapularis and A. maculatum. This data confirms that these four 
species of ticks continue to be widespread within Oklahoma with a possible recent 
western expansion of I. scapularis populations.  It is anticipated that these results will 
assist efforts to better understand the epidemiology of the different disease caused by 




The incidence of tick-borne disease continues to increase in humans and 
companion animals in the United States (CDC 2015).  One area of concern is the south 
central region of the US which has seen an increase in ehrlichiosis, Rocky Mountain 
spotted fever, and tularemia among human populations and ehrlichiosis and 
hepatozoonosis among companion animals (Openshaw et al. 2010; Dahlgren et al. 2011; 
Starkey et al. 2013; Little et al. 2014; Carmichael et al. 2014).  While apparent that the 
incidence of these diseases is increasing, the distribution maps for principle tick vectors is 
this region are either not available, outdated or based on passive collections (Cortinas & 
Spomer 2014; Springer et al. 2014).  By actively monitoring the distribution of a specific 
tick species, evidence can be gathered that can help explain tick-borne disease patterns 
within a given area (Jobe et al. 2007; Rand et al. 2007; Hamer et al. 2010; Rydzewski et 
al. 2012; Lee et al. 2013; Wang et al. 2014).  These kinds of studies, also serve as a 
critical link in educating communities about the risks for possible exposure to various 
tick-borne pathogens (Bayles & Allen 2013). 
The risk of tick-borne pathogen activity in Oklahoma has been described in 
humans and veterinary species (Openshaw et al. 2010; Dahlgren et al. 2011; Starkey et al. 
2013; Little et al. 2014; Carmichael et al. 2014). Public health risk for these infections 
has particular impact on American Indian communities (Demma et al. 2006; Holman et 
al. 2009; Folkema et al. 2012).  The incidence of Rocky Mountain spotted fever and 
ehrlichiosis in human populations in Oklahoma has increased dramatically in the past 15 
years with the highest incidence occurring in the eastern portion of the state (K. Bradley, 
state epidemiologist, personal communication). While increased incidence of different 
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tick-borne diseases is notable, there is relatively little information on the distribution of 
important tick species which transmit various pathogens in Oklahoma.  Currently, no 
published records exist for distributions of Dermacentor variabilis or Dermacentor 
albipictus within the state and currently available distribution maps for Ixodes scapularis 
(Dennis et al. 1998) and Amblyomma maculatum (Barker et al. 2004) are based on 
surveys carried out 10-15 years ago.  
Establishing baselines and updating distributions will assist in gaining a better 
understanding of the various factors involved in the patterns of disease incidence in the 
state.  The purpose of this study was to establish and update distribution maps for four 
important tick species involved in the transmission of a variety of pathogens within the 
State of Oklahoma. This study was part of a larger study updating the distribution of the 
lone star tick in Oklahoma (Barrett et al. 2015).  At the outset, it is important to note that 
the author (J. Mitcham) was involved in the collection of ticks in six of the counties 
covered by this project.   
 
METHODS AND MATERIALS 
Tick species records from Oklahoma.  Details of collection methods were 
published in Barrett et al. (2015).  Briefly, in addition to reports summarized from peer-
reviewed literature (Table 3.1), which included a Master’s thesis from Oklahoma-based 
institutions, records were compiled from the  K.C. Emerson Entomology Museum 
(Oklahoma State University), which has archived specimens submitted since the 1940s, 
and from issues of the United States Department of Agriculture’s (USDA) Cooperative 
Economic Insect Reports (CEIR).  Due to the lack of a baseline distribution map for D. 
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variabilis, submissions reported on VectorMap, an online database where specimens are 
linked to places of collection, were included.  Updated distribution maps for I. scapularis 
and A. maculatum were based on earlier work (Dennis et al. 1998; Barker et al. 2004). 
Active Collection of Ticks. Active collection of ticks took place during two 
seasons: 1) between May and July 2014 in which 50 counties were sampled across 
Oklahoma and 2) between October and November 2014 in which 8 counties [Beaver Co., 
Blaine Co., Cleveland Co., Custer Co., Dewey Co., Ellis Co., Grady Co., and Major Co.] 
were sampled.  The summer collection period utilized dry ice trapping, dragging and 
flagging as the primary collection method (Barrett et al. 2015).  Additional active 
collection efforts during fall 2014 consisted of collecting ticks from harvested deer during 
Oklahoma Department of Wildlife and Conservation (ODWC) controlled hunts in several 
Wildlife Management Areas (WMAs).  Ticks were collected directly from harvested deer 
either by study personnel or by ODWC personnel.  All ticks were stored in in 70% EtOH 
and identified in the laboratory using standard keys (Keirans & Litwak 1989; Keirans & 
Durden 1998).   
Data summation. Counties were classified as established or reported for each 
tick species using criteria described by Dennis et al. (1998).  A tick species was 
considered 1) established in a county if six or more ticks, or more than one life stage was 
collected or reported at one time period, or 2) reported in a county if less than six ticks, or 
only one life stage was collected at one time period.  Counties described in the USDA-
CEIR or museum specimens were considered to have established populations of a 
specific tick species if enumeration meeting the above standards was met.  Distribution 
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Dermacentor variabilis: Dermacentor variabilis is reported (n=48) or established 
(n=20) in 88% (68/77) counties in Oklahoma (Figure 3.1).  For 50/68 counties, the 
presence of D. variabilis was confirmed through review of peer reviewed publications, 
museum collections or publicly available records (Table 3.2).  Active surveillance during 
the summer of 2014 added 18 counties to this distribution (Fig. 3.1). 
 
 
Figure 3.1. Distribution of D. variabilis at the county level across the State of Oklahoma. 




Dermacentor albipictus: Dermacentor albipictus is reported (n=20) or 
established (n=15) in 45.4% (35/77) of the counties in Oklahoma (Figure 3.2).  For 32/35 
counties, the presence of D. albipictus was confirmed through review of peer reviewed 
publications, museum collections or publicly available records (Table 3.3).  Active 




Figure 3.2. Distribution of D. albipictus at the county level across the State of Oklahoma. 
Counties in black = Peer-reviewed, Grey = Active collection, 2014. 
 
Ixodes scapularis: Prior to this study, passive surveillance recorded I. scapularis 
in 61% (47/77) of counties, mainly in the eastern and central portion of the state (Figure 
3.3).  Active surveillance confirmed I. scapularis in 8 counties in summer 2014 and 
added another 4 counties in fall 2014 to the current distribution (Figure 3.3) (Table 3.4), 
thus advancing the distribution of this tick further to the west in the state. Overall, I. 
scapularis is currently reported (n=34) or established (n=17) in 66.2% (51/77) counties in 
Oklahoma.  
 
Figure 3.3. Distribution of I. scapularis at the county level across the State of Oklahoma. 





Amblyomma maculatum: Passive surveillance records have identified A. 
maculatum in 62.3% (48/77) counties in Oklahoma (Table 3.5). Active surveillance in 
summer 2014 confirmed A. maculatum in 5 counties and added two previously 
unreported counties to the current distribution (Figure 3.4).  Overall, A. maculatum has 
been reported (n=40) or established (n=10) in 64.9% (50/77) counties in Oklahoma 
(Table 3.4).  
 
 
Figure 3.4. Distribution of A. maculatum at the county level across the State of 
Oklahoma. Counties in black = Peer-reviewed, Grey = Active collection, 2014, Crossfill 
= both methods. 
 
DISCUSSION 
Establishing baseline distribution maps and updating historical maps are critical to 
understanding how tick populations are spread over diverse eco-zones as well as 
evaluating if there is any change in the potential risk for specific tick-borne diseases in a 
specific geographic area.  Given the dramatic increase of tick-borne diseases in human 
and animal populations in Oklahoma over the last 15 years (Openshaw et al. 2010; 
Dahlgren et al. 2011; Starkey et al. 2013; Little et al. 2014; Carmichael et al. 2014), it is 
critical to understand where the tick species are distributed that are responsible for 
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transmitting specific pathogens.  By using active surveillance, the current study added an 
additional 10 counties to the list compiled from published studies for distribution of the 
American dog tick, D. variabilis.  Ixodes scapularis collected from controlled deer hunts 
added 4 additional counties to the distribution for I. scapularis and indicated that the 
species has possibly moved westward in the state than previously thought (Dennis et al. 
1998). Two new counties were added to the historical distribution of A. maculatum and 
three counties were added to a baseline distribution map for D. albipictus.  Active 
surveillance over a 6 month period demonstrated that these four tick species of medical 
and veterinary importance are more widespread throughout the state than previously 
thought.  
This study established a baseline distribution map for the presence of D. variabilis 
in Oklahoma.  An important vector for the transmission of several pathogens that impact 
human and animal health, D. variabilis is a known vector for agents that cause diseases 
including Rocky Mountain spotted fever (Rickettsia rickettsii) (Burgdorfer 1969), afebrile 
spotted fever group rickettsiosis (SFGR) (R. montanensis) (McQuiston et al. 2012), 
tularemia (Franciscella tularensis) (Mani et al. 2012), bovine anaplasmosis (Anaplasma 
marginale) (Kocan et al. 2010), and equine piroplasmosis (Theileria equi) (Scoles et al. 
2011).  Over the past 10-15 years, Oklahoma has become one of the top two states for 
incidence of SFGR (Openshaw et al. 2010) in addition to ranking 6th for incidence of 
tularemia (CDC 2013).   Anaplasmosis also continues to be significant concern for 
livestock in the state (Wright et al. 1985; J Talley, Extension Livestock Entomologist, 
personal communication). Establishing the presence of D. variabilis throughout most of 
the state, including the arid western counties as well as the moist, humid eastern counties, 
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is a first step to identifying the ecological factors involved with maintaining this 
important tick vector species in the region.    
This study also established a baseline distribution map for D. albipictus, a one-
host tick found on horses (Duell et al. 2013), cattle (Polito et al. 2013), elk (Patrick & 
Hair 1975), white-tailed deer (Hunt & Gilbert 1981), and feral swine (Sanders et al. 
2013) in the Oklahoma/Texas region.  A known vector for A. marginale, the causative 
agent of bovine anaplasmosis (Ewing et al. 1997; Kocan et al. 2010), very little is known 
concerning the ecology and habits of this tick in the Great Plains regions, especially in 
regards to interactions with cattle (Drummond 1967).   
Active surveillance through control deer hunts in western counties extended the 
known distribution of I. scapularis further west in the state than previously reported 
(Dennis et al. 1998).  One of the most important tick vectors of disease agents in the 
United States, this species is well known to transmit the agents of  Lyme disease 
(Borrelia burgdorferi), human granulocytic anaplasmosis (A. phagocytophilum), human 
babesiosis (Babesia microti), and Borrelia miyamotoi in the north-central and north 
eastern United States and California (Hamer et al. 2012; Salkeld et al. 2014).  The 
identification of this important species on deer collected in a wildlife management area in 
the arid, dry western portion of Oklahoma should not be taken as evidence of these 
disease agents in the region, but does provide an interesting ecological question for future 
research.  
The authors recognize that a significant portion of this study was taken from 
active surveillance methods used to track the presence of A. americanum throughout the 
state (Barrett et al. 2015).  As such, the flagging and CO2 methods utilized were not ideal 
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for collection of the four species reported in this paper (Semtner & Hair 1975; Ginsberg 
& Ewing 1989).  However, given that limitation, it was notable that all species, other than 
D. albipictus, were collected using these sampling techniques.  This indicates that when 
used as part of an active surveillance strategy, these two sampling methods are able to 
draw enough adult ticks from the surrounding area to establish distribution in a given 
location (Semtner & Hair 1975).  Another limitation encountered in the successful 
surveillance of I. scapularis and D. albipictus involved the reduction in ODWC-
sponsored deer checking stations during deer hunting season. Oklahoma, like many other 
states, has converted to an online check process which has significantly changed our 
ability to readily collect these two important tick species within the state.  
In conclusion, an updated distribution of 4 important tick species in Oklahoma 
was determined within one six month period using active surveillance collection methods 
and passive monitoring.  Baseline distribution maps were developed for D. variabilis and 
D. albipictus for the State of Oklahoma and additional counties were added for I. 
scapularis and A. maculatum.  It is anticipated that these results will assist efforts to 
better understand the epidemiology of the different diseases associated with these tick 
species within the Great Plains region (Bartholomew et al. 1995; Cortinas & Spomer 
2014).  Accurate distribution maps for each species studied will be increasingly important 
as more tick-borne pathogens are identified and climate changes occur across the central 
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Appendix to Chapter III: 
 
Table 3.1. List of publications used to determine reported presence of D. variabilis, D.  




















Unknown Eddy, 1940 
  
Various mammals examined Ellis, 1955 
Various animals examined Clymer et al. 1969 
Stray Dogs examined 
Parrish, 1970 
Koch & Dunn 1980 
Dogs examined Koch, 1982 
Small mammals examined Gage et al. 1992 
Dogs examined Barrett et al. 2014 
CO2 Traps Semtner & Hair 1975 
Dermacentor 
albipictus 
Unknown Eddy, 1940 
Elk examined Patrick & Hair 1975  
Collected from harvested white-tailed deer Smith, 1977 
Cattle examined Ewing et al. 1997 
Dragging, cattle examined Polito et al. 2013 
Ixodes 
scapularis 
Unknown Eddy, 1940 
Collected from harvested white-tailed deer Smith, 1977 
Flagging, dragging, deer surveys, small-medium 
sized mammal surveys, CO2 baiting, and tick 
submissions 
Dennis et al. 1998 
Amblyomma 
maculatum 
Collected from harvested white-tailed deer Smith, 1977 
Collected from various hosts Barker et al. 2004 
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Adair [R] 0 1 NR ND Reported
Alfalfa NR 0 NR NR ND
Atoka NR 0 2 [R] ND Reported
Beaver NR 0 NR NR ND
Beckham NR 0 NR NR 1 Reported
Blaine [R] 0 >6 [R] 1 Establ.
Bryan NR 0 1 NR ND Reported
Caddo NR 0 >6 [R] 6 Establ.
Canadian NR 0 NR NR ND
Carter [R] 0 2 NR ND Reported
Cherokee [R] 0 NR NR ND Reported
Choctaw [R] 0 NR E ND Establ.
Cimarron NR 0 NR NR ND
Cleveland [R] 0 2 NR 14 Establ.
Coal NR 0 1 NR 1 Reported
Comanche [R] 10 1 NR ND Reported
Cotton NR 0 NR NR 3 Reported
Craig [R] 0 1 NR ND Reported
Creek [R] 0 NR NR ND Reported
Custer NR 0 NR NR 3 Reported
Delaware [R] 0 NR NR 5 Reported
Dewey NR 0 NR [R] 2 Reported
Ellis NR 0 1 NR 1 Reported
Garfield [R] 2 NR NR 6 Establ.
Garvin NR 0 1 NR 2 Reported
Grady NR 0 NR NR 6 Establ.
Grant NR 0 NR NR 2 Reported
Greer NR 0 NR NR ND
Harmon NR 0 NR NR 3 Reported
Harper NR 0 >6 [R] ND Establ.
Haskell [R] 0 NR NR ND Reported
Hughes NR 0 NR NR 1 Reported
Jackson NR 4 3 [R] ND Reported
Jefferson NR 0 >6 NR 2 Establ.
Johnston [R] 0 NR NR ND Reported
Kay [R] 0 NR NR ND Reported
Kingfisher NR 0 1 NR 4 Reported
Kiowa [R] 0 NR NR 1 Reported
Latimer [R] 0 NR NR ND Reported
Le Flore [R] 1 NR NR 1 Reported
Lincoln [R] 0 >6 [R] ND Establ.
Logan [R] 0 >6 [R] ND Establ.






































Major NR 0 >6 NR 1 Establ.
Marshall [R] 0 >6 [R] ND Establ.
Mayes NR 0 >6 E ND Establ.
McClain [R] 0 NR NR 3 Reported
McCurtain [R] 1 NR E ND Establ.
McIntosh [R] 0 NR NR ND Reported
Murray [R] 0 NR NR 3 Reported
Muskogee [R] 1 1 NR ND Reported
Noble [R] 0 >6 [R] ND Establ.
Nowata [R] 0 NR NR ND Reported
Okfuskee [R] 0 NR NR ND Reported
Oklahoma [R] 0 4 [R] ND Reported
Okmulgee NR 0 2 NR ND Reported
Osage [R] 0 NR NR 8 Establ.
Ottawa [R] 0 1 NR ND Reported
Pawnee [R] 0 1 E 8 Establ.
Payne [R] 3 >6 E ND Establ.
Pittsburg [R] 3 NR NR ND Reported
Pontotoc NR 0 NR NR ND
Pottawatomie NR 0 NR NR 5 Reported
Pushmataha [R] 0 NR E ND Establ.
Roger Mills NR 0 NR NR 1 Reported
Rogers [R] 0 1 NR ND Reported
Seminole NR 0 NR NR ND
Sequoyah [R] 0 NR [R] ND Reported
Stephens NR 0 1 NR 2 Reported
Texas NR 0 1 NR ND Reported
Tillman NR 0 NR NR ND
Tulsa NR 0 1 [R] ND Reported
Wagoner NR 0 NR NR ND
Washington [R] 0 NR NR 1 Reported
Washita NR 0 1 NR 1 Reported
Woods NR 0 >6 NR ND Establ.















Active collection in 
2014-2015
Number of ticks Number of ticks
Adair NR 1 [R] ND Reported
Alfalfa NR NR NR ND
Atoka NR NR [R] ND Reported
Beaver NR NR NR ND
Beckham NR NR NR ND
Blaine NR NR NR 14 Establ.
Bryan [R] NR NR ND Reported
Caddo NR NR NR ND
Canadian NR NR [R] ND Reported
Carter NR 2 NR ND Reported
Cherokee [R] NR E ND Establ.
Choctaw NR NR [R] ND Reported
Cimarron NR NR NR ND
Cleveland NR NR NR ND
Coal NR NR NR ND
Comanche [R] >6 E ND Establ.
Cotton NR NR NR ND
Craig NR NR NR ND
Creek NR 1 NR ND Reported
Custer NR NR NR ND
Delaware [R] NR NR ND Reported
Dewey NR NR [R] 14 Establ.
Ellis NR NR NR ND
Garfield NR 5 NR ND Reported
Garvin NR NR [R] ND Reported
Grady NR NR NR ND
Grant NR NR NR ND
Greer NR NR NR ND
Harmon NR NR NR ND
Harper [R] >6 NR ND Establ.
Haskell NR NR [R] ND Reported
Hughes NR NR NR ND
Jackson NR NR NR ND
Jefferson NR NR NR ND
Johnston NR >6 [R] ND Establ.
Kay NR NR NR ND
Kingfisher NR NR NR ND
Kiowa NR NR NR ND
Latimer [R] NR [R] ND Reported
Le Flore [R] NR E ND Establ.
Lincoln NR NR NR ND
Logan NR NR NR ND



















Active collection in 
2014-2015





Major NR NR NR 14 Establ.
Marshall NR NR [R] ND Reported
Mayes NR NR E ND Establ.
McClain NR NR NR ND
McCurtain [R] >6 [R] ND Establ.
McIntosh NR NR NR ND
Murray [R] NR [R] ND Reported
Muskogee NR NR [R] ND Reported
Noble NR 1 [R] ND Reported
Nowata NR NR NR ND
Okfuskee NR NR NR ND
Oklahoma NR NR NR ND
Okmulgee NR >6 NR ND Establ.
Osage NR NR E ND Establ.
Ottawa NR NR NR ND
Pawnee [R] NR NR ND Reported
Payne NR 4 E ND Establ.
Pittsburg [R] NR [R] ND Reported
Pontotoc NR 2 NR ND Reported
Pottawatomie NR NR NR ND
Pushmataha [R] NR E ND Establ.
Roger Mills NR NR NR ND
Rogers NR NR NR ND
Seminole NR NR NR ND
Sequoyah NR >6 [R] ND Establ.
Stephens NR NR [R] ND Reported
Texas NR NR NR ND
Tillman NR NR NR ND
Tulsa NR NR NR ND
Wagoner NR NR NR ND
Washington NR NR NR ND
Washita NR NR NR ND
Woods NR NR NR ND















Active collection in 
2014-2015
Number of ticks Number of ticks
Adair [R] NR NR ND Reported
Alfalfa NR NR NR ND
Atoka [R] NR E ND Establ.
Beaver NR NR NR ND
Beckham NR NR NR ND
Blaine NR NR NR 9 Establ.
Bryan [R] NR NR ND Reported
Caddo [R] NR NR ND Reported
Canadian NR NR NR ND
Carter [R] >6 NR ND Establ.
Cherokee E >6 [R] ND Establ.
Choctaw NR NR NR ND
Cimarron NR NR NR ND
Cleveland NR 1 NR 100 Establ.
Coal [R] NR NR ND Reported
Comanche [R] >6 E ND Establ.
Cotton NR NR NR ND
Craig [R] NR NR ND Reported
Creek [R] 4 NR 1 Reported
Custer NR NR NR 14 Establ.
Delaware [R] NR NR 1 Reported
Dewey NR NR NR 9 Establ.
Ellis NR NR NR ND
Garfield [R] 3 NR ND Reported
Garvin [R] NR NR ND Reported
Grady NR 5 NR 5 Reported
Grant NR NR NR ND
Greer NR NR NR ND
Harmon NR NR NR ND
Harper NR NR NR ND
Haskell [R] NR NR ND Reported
Hughes [R] NR NR ND Reported
Jackson NR NR NR ND
Jefferson NR NR NR ND
Johnston [R] NR NR ND Reported
Kay NR NR NR ND
Kingfisher NR NR NR ND
Kiowa NR NR NR ND
Latimer [R] >6 [R] ND Establ.
Le Flore E NR NR ND Establ.
Lincoln [R] 1 NR ND Reported
Logan [R] NR NR 5 Reported



















Active collection in 
2014-2015





Major NR NR NR 9 Establ.
Marshall NR NR NR ND
Mayes [R] 6 [R] ND Establ.
McClain E NR NR ND Establ.
McCurtain [R] 5 [R] ND Reported
McIntosh [R] NR NR ND Reported
Murray [R] NR NR ND Reported
Muskogee [R] NR [R] ND Reported
Noble NR 4 NR ND Reported
Nowata NR NR NR ND
Okfuskee [R] NR NR ND Reported
Oklahoma [R] 1 NR ND Reported
Okmulgee [R] NR NR 2 Reported
Osage NR NR NR ND
Ottawa [R] 4 NR ND Reported
Pawnee [R] NR NR 1 Reported
Payne [R] >6 [R] ND Establ.
Pittsburg [R] 6 [R] ND Establ.
Pontotoc [R] NR NR ND Reported
Pottawatomie [R] NR NR ND Reported
Pushmataha [R] 1 NR ND Reported
Roger Mills NR NR NR ND
Rogers [R] 1 NR ND Reported
Seminole [R] 2 NR ND Reported
Sequoyah [R] 6 E ND Establ.
Stephens NR NR [R] ND Reported
Texas NR NR NR ND
Tillman NR NR NR ND
Tulsa [R] 1 [R] 6 Establ.
Wagoner [R] 1 NR ND Reported
Washington [R] NR NR ND Reported
Washita NR NR NR ND
Woods NR NR NR ND
















Active collection in 
2014-2015
Number of ticks Number of ticks
Adair [R] NR NR ND Reported
Alfalfa NR NR NR ND
Atoka [R] NR NR ND Reported
Beaver NR NR NR ND
Beckham NR NR NR ND
Blaine NR NR NR ND
Bryan [R] NR NR ND Reported
Caddo [R] 2 NR ND Reported
Canadian [R] 2 NR ND Reported
Carter [R] >6 NR ND Establ. 
Cherokee NR NR NR ND
Choctaw NR NR NR ND
Cimarron NR NR NR ND
Cleveland NR NR NR ND
Coal [R] 4 NR ND Reported
Comanche [R] NR NR ND Reported
Cotton NR NR NR 3 Reported
Craig [R] 2 NR ND Reported
Creek [R] 1 NR ND Reported
Custer NR 1 NR ND Reported
Delaware NR NR NR ND
Dewey NR NR NR ND
Ellis [R*] 1 NR ND Reported
Garfield [R] 1 NR 1 Reported
Garvin NR NR NR ND
Grady [R] 4 NR ND Reported
Grant NR NR NR ND
Greer NR NR NR ND
Harmon NR NR NR ND
Harper NR NR NR ND
Haskell NR NR NR ND
Hughes [R] 3 NR ND Reported
Jackson NR NR NR ND
Jefferson NR NR NR ND
Johnston NR 2 [R] ND Reported
Kay [R] >6 NR ND Establ. 
Kingfisher [R] 1 NR ND Reported
Kiowa NR 1 NR 1 Reported
Latimer [R] 1 NR ND Reported
Le Flore [R] NR NR ND Reported
Lincoln [R] NR NR ND Reported
Logan [R] 2 NR ND Reported

















Active collection in 
2014-2015





Major NR NR NR ND
Marshall [R] >6 NR ND Establ. 
Mayes [R] >6 [R] ND Establ. 
McClain NR NR NR ND
McCurtain NR 2 NR ND Reported
McIntosh [R] 2 NR ND Reported
Murray [R] NR NR ND Reported
Muskogee [R] >6 NR ND Establ. 
Noble [R] 1 [R] ND Reported
Nowata [R] NR [R] ND Reported
Okfuskee [R] 1 NR ND Reported
Oklahoma [R] 4 NR ND Reported
Okmulgee [R] 1 NR ND Reported
Osage [R] 1 NR 16 Establ. 
Ottawa [R] NR NR ND Reported
Pawnee [R] NR [R] ND Reported
Payne [R] >6 NR 2 Establ. 
Pittsburg [R] 6 NR ND Establ. 
Pontotoc [R] NR NR ND Reported
Pottawatomie NR NR NR ND
Pushmataha [R] NR NR ND Reported
Roger Mills NR NR NR ND
Rogers [R] 5 [R] ND Reported
Seminole NR NR NR ND
Sequoyah [R] NR NR ND Reported
Stephens [R] 6 NR ND Establ. 
Texas NR NR NR ND
Tillman NR NR NR 1 Reported
Tulsa [R] 4 NR ND Reported
Wagoner [R] >6 [R] ND Establ. 
Washington [R] 1 [R] 1 Reported
Washita NR NR NR ND
Woods NR NR NR ND











TICKS FROM TWO POPULATIONS OF AMERICAN BLACK BEAR (URSUS 
AMERICANUS) IN EASTERN OKLAHOMA  
Abstract 
The American black bear (Ursus americanus) is an important mega-omnivore that 
recolonized the Ouachita mountain range and Ozark foothills in the State of Oklahoma in 
the mid-1980s.  The habitat for black bear is also important for several tick species in 
Oklahoma which are also known vectors for zoonotic diseases. These diseases may 
impact bear populations as well as other wildlife, livestock, humans and/or companion 
animals whose habitats or activities overlap with the bear. Currently, there is no 
information on the tick species parasitizing the black bear in Oklahoma.  Between May 
and August 2014, in conjunction with radio-collaring efforts by the Oklahoma 
Department of Wildlife and Conservation, 1159 ticks were collected from 62 bear in the 
Ouachita mountain range and Ozark foothills in Oklahoma. Thirteen adult bear in dens 
and 22 cubs in dens were monitored during the winter to determine which tick species fed 
on female bear and their cubs.  The primary species of tick in both locations is the Lone 
Star tick (Amblyomma americanum) (69.3%). Other tick species identified were 
Dermacentor variabilis (29.0%), Ixodes scapularis (0.345%) and Amblyomma 
maculatum (0.77%).  During February and March of 2015, 13 bear and 22 cubs were 
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monitored at their dens for ectoparasites. No fleas or lice were found and only 3 ticks 




The American black bear (Ursus americanus) is an important mega-omnivore that 
can be found in 39 states within the United States (Pelton 2003). Although the species 
was extirpated from large portions of their historic range because of land settlement, their 
range has been expanding in recent years (Pelton et al. 1999; Williamson 2002).  In the 
southern US, including the Ozark and Ouachita Mountains, the black bear has been 
recorded in predominantly oak-hickory and mixed mesophytic forest (Pelton 2003), the 
exact type of habitat preferred by many of the tick species focused on in this research 
thesis.   
Successful recolonization efforts in Arkansas in the 1950’s and 60’s lead to the 
recolonization of bear populations in Oklahoma in the 1980’s (Lyda & Hellgren 2007). 
Oklahoma black bear reside in a variety of habitats including oak-hickory and oak-pine 
forests (Lyda & Hellgren 2007). In addition to providing ample habitat for thriving bear 
populations, these habitats are also important for Oklahoma’s tick species of medical and 
veterinary importance. Many of the same tick species found in Oklahoma have been 
reported on black bear in Louisiana, Georgia, Florida, and Wisconsin (Manville 1978; 
Yabsley et al. 2009; Leydet & Liang 2013). Bear may be important hosts for these tick 
species and they may be spreading ticks throughout their home range, bringing ticks into 
contact with other wildlife, livestock, humans and/or companion animals (Yabsley et al. 
2009; Leydet & Liang 2013). Additionally, various tick-borne pathogens including 
Rickettsia sp. and Ehrlichia chaffeensis have been associated with ticks collected from 
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black bear (Yabsley et al. 2009; Leydet & Liang 2013).  To date, there is no information 
published on the tick species that parasitize Oklahoma black bear. 
The objective of this study was to investigate which ectoparasites parasitize 
Oklahoma black bear.     
 
Methods 
The sampling of adult bear took place throughout the summer of 2014 and adult bear, 
their cubs and dens were sampled in late winter 2015. 
Summer 2014 
Ticks were collected off tranquilized bear in both the Ozark foothills and the 
Ouachita mountain range (Fig. 4.1) in collaboration with a radio-collaring study by the 
Oklahoma Department of Wildlife Conservation (ODWC) and the department of Natural 
Resource Ecology and Management (NREM) at Oklahoma State University.  
 
Figure 4.1. Locations of Oklahoma black bear research, summer 2014 & winter 2015. 
Northern pin indicates area of Ozark foothills; Southern pin indicates area of Ouachita 




Bears were trapped using two methods. The research team in the Ozarks trapped 
using barrel traps (Fig. 4.2) and the research team in the Ouachita’s trapped using foot 
snares. The success of these trapping methods differed substantially which influenced the 
collection of ticks significantly.    
During May and June 2014, tick sampling efforts alternated between the two sites 
every two weeks.  The month of July and first two weeks of August 2014 was spent 
entirely with the Ouachita team. The Ouachita team sampled bear with daily field visits, 7 
days/week. Since the Ouachita team used foot snares the bear were handled as quickly as 
possible after capture.  Additionally, there were more bear captured in the Ouachita area 
than the Ozark area with two to three bear handled in one day at times. With the use of 
snare traps, it was necessary to accompany the team daily in the likelihood of 
encountering a snared bear.      
 




Once the bear was tranquilized in either location, the team would collect data 
which normally provided ample time for sampling for ticks. Main areas searched on the 
body were the ears, head, neck, and axillary regions and then search the rest of the bear 
(Fig 4.3, Fig 4.4) (Bloemer et al. 1988). The strategy was to collect a representative 
sample of ticks at the time of the sampling and levels of infestation were not a focus for 
this project. When not present to collect ectoparasites, another member of the team at 
each site would inspect the bear and collect ticks on behalf of the author. 
Winter 2015   
During denning season (February and March 2015), den visitation was scheduled 
by both teams so that no den from either location was visited on the same day (Fig 4.5, 
Fig 4.6). The bear was tranquilized and cubs were removed from den. The cubs were 
inspected for ectoparasites in all bodily locations mentioned previously. After the cubs 
were searched, an attempt to reach the female inside the den was made in order to inspect 
the coat for any ectoparasites. This proved to be challenging as many dens were small 
and dark. It was difficult to move the female around to be able to check all locations on 
her body and because the winter fur coat was extremely thick. When the author was not 
present at a den site, another member of the team would inspect the bear and cubs for 
parasites.  
Due to the nature of the project, ticks were collected when visible since this 
aspect of the overall project was not the primary goal for trapping the bears.  As such, the 
ticks collected do not represent the total tick populations found on bears. Ticks were 





Figure 4.3. An example of ticks found parasitizing an ear of bear #41.  
 
 




Figure 4.5.  A.) Replacing a cub with the female bear after a work up at a den located in 




A total of 1159 ticks were collected from 62 bears during the months of May-
August 2014. Amblyomma americanum was the primary species collected. Other species 
found were Dermacentor variabilis, Ixodes scapularis and Amblyomma maculatum 









Table 4.1. Tick counts (% collected) for both locations by species and by months with 
totals.  
Tick Species May (%) June (%) July (%) August (%)  
Total Counts 
(%) 
A. americanum 361(88.5%) 288(92.6%) 106(40.7%) 49(27.2%) 804(69.4%) 
D. variabilis 40(9.8%)  20(6.4%) 148(56.9%) 129(71.6%) 337(29.1%) 
I. scapularis 1(0.24%) 3(0.96%) 0 0 4(0.34%) 
A. maculatum 1(0.24%) 0 6(2.3%) 2(1.1%) 9(0.77%) 
Other 5(1.22%) 0 0 0 5(0.43%) 




Figure 4.7. The total monthly counts for both locations. “Other” indicates ticks collected 




May June July August
Other 5 0 0 0
D. variabilis 40 20 148 129
I. scapularis 1 3 0 0
A. maculatum 1 0 6 2























Figure 4.8: A & B) Proportion of tick species collected off bear in Ozark and C & D) 
Ouachita regions between May and August 2014. A & B) Primary species collected from 
bear in Ozark was A. americanum primarily in May. Ticks were collected from 13 bear. 
C & D) Primary species collected from bear in Ouachita was A. americanum however 
there was also a high number of D. variabilis collected. Ticks were collected from 49 
bear.  
 
Combining all ticks collected from all the bear, changes in tick species as the 
season progressed are apparent (Fig 4.7)  The primary species collected from bear were 
A. americanum in the May and June with more D. variabilis in July and August with a 
few I. scapularis in May and several A. maculatum in July and August. The breakdown 
of species collected became more obvious when the two areas were separated (Fig 4.8 A-
D).  In the Ozarks (Fig 4.8 A & B), bear were primarily parasitized by A. americanum 
throughout the season however, in the Ouachitas (Fig 4.8 C & D) the bear were almost 
equally parasitized by D. variabilis in July and August as they were with A. americanum 






During the bear den season, February and March 2015, no ectoparasites were 
found on any of the 22 cubs while three ticks were found on 3 of the 13 female bear. One 
male A. americanum was collected off an adult denning bear in the Ozark area and two 
ticks, one male A. americanum and one fed D. variabilis, were collected from bear in the 
Ouachita area.   
Only one flea, species unidentified, was found on a single bear during the summer 




During one summer and one denning season, four species of tick were identified 
on American black bear populations in Oklahoma.  The four species of ticks were 
expected as they are the four most commonly found tick species parasitizing both humans 
and animals in the southern US (Leydet & Jiang 2013). During the trapping between the 
months of May and August 2014, each examined bear was infested with ticks. 
Amblyomma americanum was the most common tick species found on the bears in May 
and June while Dermacentor variabilis was more common in the month of July and 
August. These findings are consistent with known tick peak activity times (Sonenshine 
1972).   
While systematic sampling was not achieved during this study, it is interesting to 
note the differences in total species recovered from bear in both regions.  Almost all 
(89%) ticks recovered from bear in the Ozarks were A. americanum, while Lone Star 
ticks only accounted for 56.9% of the ticks recovered in the Ouachita’s.  The increased 
presence of D. variabilis in the Ouachita area over the sampling period is notable.  This 
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difference can be observed in species collected by month in both areas summarized in 
Fig. 4.8.  While not conclusive, future studies could be developed to focus on this aspect 
in more depth. 
Some of the expected results, based on previous studies in other areas, were not 
realized in the current study.  It was expected to find lice, specifically Trichodectes 
pinguis euarctidos, on Oklahoma black bear as this louse species was reported on black 
bear in 10 U.S. states and 2 Canadian provinces (Nims & Durden 2011; Roger & Roger 
1976).  Additionally, based on a study in Wisconsin (Manville 1978), it was expected to 
find at least I. scapularis on denning bear as  bear are denning during peak tick activity 
times for this species in Oklahoma and several dens were partly exposed or completely 
exposed to the open (Nims & Durden 2011).  Only one study has reported looking for 
ticks on denning bears (Rogers 1975). Aside from one bear with numerous D. albipictus 
(Rogers 1975), no ectoparasites were reported on denning bear in the literature. This lack 
of ectoparasites on denning bear may be due to the den location, lack of mobility of bear 
in which they acquire their ticks, the lack of nidicolous behavior among most hard tick 
species, or due to the challenge presented by thick winter fur both for ticks to feed and for 
quick searching strategies deep inside the den.    
One of the main limitations to the project was the inability of being at both 
trapping locations at a given time.  For the entire summer, the author had to choose which 
region to focus on as often a patterned approach was not possible due to major 
differences in effectiveness of bear trapping methods.  When the author was not able to 
be present at one place, she relied on the goodwill of colleagues who were also very busy 
with collecting data for their own projects.  Often, ticks were collected – but it was not 
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possible to confirm if it had been done in a systematic way.  Also, as is common in field 
research, it was not possible to evaluate some bear ectoparasites due to different 
situations such as time constraints and safety of the bear. Because of these two 
limitations, it was not possible to use the data to make conclusions about tick populations 
on bear populations in the two geographic locations.  
In conclusion, this research reports that Oklahoma black bear are parasitized by at 
least four of Oklahoma’s tick species that are of medical and veterinary importance. The 
role that the black bears play in pathogen transmission is unknown.  However, the wide 
home ranges of large mammals averaging 14.5-21km2 (for females, males are expected to 
have larger home ranges) means these bear have the potential of transporting ticks 
throughout the Ozark foothills and Ouachita Mountains and these ticks are known vectors 
for pathogens such as Ehrlichia spp. and/or Rickettsia spp.  (Lyda & Helgren 2007; 
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RISK OF EXPOSURE TO TICKS AND TICK-BORNE PATHOGENS IN 
OKLAHOMA STATE PARKS 
Abstract 
Oklahoma has one of the highest annual incidence rates for tick-borne diseases in the 
United States. These include Ehrlichia chaffeensis and Rocky Mountain spotted fever in 
humans and canine ehrlichiosis and hepatozoonosis in companion animals. Oklahoma 
state parks are well-visited, ranking 15th in the nation for annual visitation. The presence 
of these tick-borne pathogens and their tick vectors leads to increased risks for park 
workers and those using the parks for recreational purposes. Given that not all state parks 
have the same risk levels and are located in varying ecoregions, it was hypothesized that 
there is a higher risk of encountering ticks and tick-borne pathogens in state parks in the 
eastern area of the state than in the central or western areas. Between April and August 
2015, 1035 ticks were systematically collected from six state parks across Oklahoma by 
flagging vegetation along state park trails for 20 minutes. During the summer of 2015, 
1035 ticks were collected, 71.6% were collected in the eastern area of the state with the 
remaining 28.4% collected in the state park in central Oklahoma. There was a higher risk 
for encountering Amblyomma americanum (94.2%: 975/1035) and Ixodes scapularis 
ticks (2.2%: 23/1035) during the spring and summer months in the eastern state parks. 
Only Dermacentor variabilis (3.6%; 37/1035) was collected in the western state park. 
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The collected ticks were tested by PCR for various tick borne pathogens. 9.49% (13/137) 
of the A. americanum pools tested positive for Ehrlichia chaffeensis while 67.8% 
(99/146) of the A. americanum and D. variabilis pools tested positive for a Rickettsia spp.  
No pools of I. scapularis were positive for Borrelia burgdorferi. This data provides 
valuable baseline information into the ecology of ticks and tick-borne disease risk in 
Oklahoma state parks and provides preliminary data from which to assist the Oklahoma 
Department of Tourism develop targeted campaigns that substantially reduce disease risk 
for park visitors.  
 
Introduction 
Within any given area of potential transmission of a tick-borne disease, three 
things must be present: 1) competent hosts which can either be reservoirs for the 
pathogen or become infected by the pathogen; 2) the pathogen itself in both the hosts and 
tick vector species; and 3) competent tick species in which the pathogen can develop 
successfully after being taken up in a blood meal and successfully transmitted to another 
host.  The three components comprise what is often called the ‘vector-borne disease 
triangle’ as all three (host, pathogen, and vector) must be found within an environment 
that is conducive for all the necessary events to occur as well as habitats in which they 
can thrive and develop.  If these components don’t interact, there cannot be transmission 
of tick-borne pathogens within a given area (Sonenshine 1993).  
State parks are an excellent resource in which to study vector-borne disease 
triangles within a given area. State parks are usually areas of habitat that are put aside for 
wildlife conservation, observation, and interactions between the local wildlife, park 
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visitors, and park employees (Cilek & Olson 2000). This interaction provides a good 
opportunity for arthropod vectors of human pathogens to join the interaction leaving 
humans and pets potentially exposed to ticks and disease (Eisen et al. 2013). Oklahoma is 
the fourth most ecologically diverse state in the US with a variety of ecoregions found in 
state parks stretched across the state (okatlas.org 2004). This allows researchers to define 
to what extent ticks and tick borne pathogens occur in Oklahoma state parks but also to 
extrapolate outside of state park system to determine which tick species and pathogens 
are equally a threat across the various ecoregions.  
Oklahoma has one of the highest annual incidence rates for tick-borne diseases in 
the United States (Openshaw et al. 2010). Many of the vectors for such diseases occur 
during the summer months. Oklahoma state parks are ranked 15th in the nation for annual 
visitation (Siikamäki 2011; Siderelis et al. 2012). The majority of national park 
visitations occur in the summer when ticks are active (Eisen et al. 2013). Park visitors 
engage in outdoor activities (hiking, biking, walking dogs, camping) while in the park 
which provide opportunities for visitors and their pets to come into contact with ticks 
(Eisen et al. 2013). There have been only a few studies that have investigated the risk for 
exposure at the national park level (Eisen et al. 2013) with researchers in some states 
investigating the risk for exposure at state park systems (Cilek & Olson 2000; Han et al. 
2014; Lane 1996; Paskewitz et al. 2001; Rawlings & Teltow 1994).  
Little to nothing is published in Oklahoma state parks about the risk of exposure 
to ticks and tick-borne pathogens for hikers and/or their companion animals. It is likely 
that not every state park has the same level of tick infestation, however, differences 
between state parks in different ecoregions have not been systematically studied for their 
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tick populations or their tick-borne pathogens.  Different tick species can vector different 
tick-borne diseases and are active during different times of the year. In order to determine 
the risk of exposure to ticks in Oklahoma state parks, it is important to systematically 
survey for ticks and pathogens by month over the course of a complete summer. Once the 
extent of potential risks is recorded, it will be possible to develop strategies to help 
reduce the risk of human and pet exposure to such pests and pathogens (Eisen et. al. 
2013).  The purpose of this study was to investigate the level of tick infestation and 
prevalence of tick borne pathogens in 6 different state parks in six different ecoregions 
across the state of Oklahoma during the summer months of May to August in 2014 and 
2015.  
 
Methods & Materials 
Preliminary study:  During the summer of 2014 (May to August), preliminary 
data was collected from 8 state parks (Boiling Springs SP, Roman Nose SP, Lake 
Thunderbird SP, Lake Tenkiller SP, Sequoyah SP, Greenleaf SP, Robbers Cave SP, and 
Lake Wister SP) to begin correlating tick risk to state park within differing ecoregions of 
Oklahoma. Hiking and/or biking trails in each park were chosen by consulting park 
websites on TravelOK.com.  Once trails were identified in each state park, monthly visits 
were attempted to begin accumulating data concerning tick species activities over the 
course of the summer.  In summary, trails were flagged for 30 minutes using a Summer 
Infant waterproof multi L pad 27” x 36” (Summer Infant). Every 30 seconds, ticks were 
collected off the flag, as well as off clothing, and placed in vials of 70% EtOH to be 
identified in the lab at Oklahoma State University.    
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Based on the preliminary field work achieved in the summer of 2014, six 
representative state parks were chosen across the state of Oklahoma (Table 5.1).  These 
parks were chosen because of their representative qualities to the overall ecoregion as 
well as the known risks for encountering various species of ticks (Fig 5.1). This was 
necessary in order to gain a more complete understanding of potential tick activity and 
potential exposure during a wider time period and sample ticks using a systematic 
approach so that comparisons could be made between parks.  
Table 5.1. State parks chosen for systematic sampling in summer 2015 based on presence 
in specific ecoregions in the state (okatlas.org2004).   
 
Summer 2015 sampling season:  Between April and August 2015, 6 state parks 
were visited at the beginning of each month.  To maximize comparative value across the 
state, the attempt was made to sample all parks within a 5 to 7 day period with adjustment 
necessary for changing environmental conditions such as rain and wind.  All parks were 
sampled over the five month period except Lake Wister State Park in which the hiking 
trail chosen was inaccessible due to the high volume of rain experienced in June.  In each 
state park, the same trail was flagged at each park for 20 minutes using the methods 
described by Pardanani & Mather (2004).  Trails were flagged (using the same flagging 
material as the preliminary survey) for 30 seconds for 4 sets of 20 (total sampling time = 
20 minutes). Flags were checked for ticks every 30 seconds and this flag checking time 
State Park County Ecoregion  
Sequoyah SP Cherokee Eastern broadleaf forest, Ozark broadleaf forest 
Greenleaf SP Muskogee Prairie parkland (Temperate) 
Lake Wister SP Le Flore Southeastern mixed forest, Ouachita mixed forest 
Robbers Cave SP Latimer Southeastern mixed forest, Prairie parkland 
Roman Nose SP Blaine Great Plains steppe and shrub 
Lake Thunderbird 
SP 
Cleveland Great Plains steppe and shrub, Prairie parkland 
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was not included in the sampling time. Ticks were collected off the flag, as well as off 
clothing, and placed in vials of 70% EtOH to be identified and counted in the lab.  
 
Figure 5.1. State parks sampled during summer 2015 across ecoregions of Oklahoma.  
Stars used to indicate the locations of the six state parks that were sampled (okatlas.org, 
2004). 
 
Analysis of tick exposure in state parks: 
Total ticks collected from each state park in each month where divided by the 
time on the trail (20 minutes) to develop the risk rate of encountering a tick per minute. 
The flagging method as described by Pardanani & Mather (2004) was used where there 
was 30sec sampling for 4 sets of 10. This is equal to 20 minutes of sampling time. The 
flag was checked after every 30 sec sampling for ticks and, if found, was placed in a vial 
with 70% EtOH.   
DNA extraction from tick samples  
DNA extraction methods were modified from a previously described extraction 
method utilized by Salazar (2015). Ticks were washed in two sets of de-ionized water 
and a final wash in 70% ethanol. After washing, ticks were bisected using razor blades 
after which the blade was rinsed with 70% ethanol in between individual ticks. One half 
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of the tick was put in a 0.5 ml tube (Axygen) and placed in a -80 °C freezer for long term 
storage and reference stock. Nymphs were also washed in two sets of de-ionized water 
and a final wash in 70% ethanol but were not bisected. The other half of the adult tick or 
up to 5 nymphal ticks were placed into a vial (SARSTEDT) and DNAzol® Direct. One 
hundred microliters of DNAzol® Direct sample processing reagent was used for each 
(100 µl/10mg) tick tissue mass. No ticks required more than 100 µl of DNAzol®. Each 
tick and DNAzol® sample was heated at 80-90 °C for fifteen minutes which allowed tick 
components to loosen and break up easier (Salazar 2015). After heating, twenty 1.0 mm 
diameter zirconia/silica beads (BioSpec Products) and two 2.3 mm diameter 
zirconia/silica beads (BioSpec Products) were added to the tick half (or nymphs) and the 
DNAzol®. Tick halves (or nymphs), DNAzol®, and zirconia/silica beads were placed in 
a Mini-Beadbeater-16 (BioSpec Products) for two consecutive three minute cycles at 
medium speed. Bead-beating allowed tick components to break apart extract the DNA. 
After the conclusion of the bead-beating, the tubes were centrifuged for one minute at 
12,000 RPG in a Legend Micro 21R centrifuge (Thermo Scientific). The resulting liquid 
was pipetted into a fresh 0.5 ml tube (Axygen) and stored at -20° C until DNA testing 
(Salazar 2015).   
Prior to PCR testing, pools of DNA were created from the extracted samples 
detailed above. DNA from all adult ticks collected and processed were pooled in groups 
of 5 for pathogen testing; nymphs were pooled into groups of 25. Pools were separated by 
collection month and state park and individual tick species. This consisted of taking 5 µl 
from each tube, up to 5 tubes of individual tick DNA sample, and putting into one 0.5ml 
tube (Axygen).  Next, the DNA concentration of each pool was measured using a 
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NanoDrop 2000 Spectrophotometer (Thermo Scientific) and concentration was diluted to 
240 ng/µl, if necessary, to prevent false negative results (Overzier et al 2013). 
 
PCR Testing 
Pooled samples were then tested for the presence of Ehrlichia chaffeensis in the 
A. americanum ticks collected using methods described by Salazar (2015).  Briefly, a set 
of nested primers (Ehrlichia/Anaplasma specific outer primers ECB (Table 5.2) and ECC 
(Table 5.2) followed by Ehrlichia chaffeensis specific internal primers HE1 (Table 5.2) 
and HE3 (Table 5.2)) first developed by Dawson et al. (1996) was used. The following 
program was used for the outer primer set (ECB/ECC): initial denaturation at 95°C for 5 
minutes continued with 30 cycles of 94°C for 1 minute, 65°C for 1 minute, 72°C for 1 
minute and a final 72°C for 5 minutes and a holding temperature of 4°C. The program 
used for the inner primer set (HE1/HE3): initial denaturation at 95°C for 5 minutes 
continued with 30 cycles of 94°C for 1 minute, 58°C for 1 minute, 72°C for 1 minute and 
a final 72° for 5 minutes and a holding temperature of 4°C. 
Pooled samples of A. americanum and D. variabilis were tested by PCR for 
Rickettsia spp. using the 17kd pan-specific rickettsia primers TZ15 (Table 5.2) and TZ16 
(Table 5.2) developed at the CDC (2010). The following program was used: initial 95°C 
for 5 minutes continued with 30 cycles of 94°C for 1 minute, 55°C for 1 minute, 72°C for 
1 minute and a final 72°C for 5 minutes and a holding temperature of 4°C (Salazar 2015).  
Ixodes scapularis samples from various state parks were tested by PCR for 
Borrelia burgdorferi using primers ospA2 (Table 5.2) and ospA4 (Table 5.2) developed 
by Salazar (2015).  The program involved: 95°C for 5 minutes continued with 30 cycles 
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of 94°C for 1 minute, 55°C for 1 minute, 72°C for 1 minute followed by a final 72°C for 
5 minutes and a holding temperature of 4°C (Salazar 2015).  
 
Table 5.2. Primer sets used for PCR assays of pooled tick samples from 6 different state 
parks in Oklahoma between April and August 2015. 
 
Visualization 
Gel electrophoresis was used to visualize results of PCR reactions. 1X TBE buffer 
was used in RunOne™ Electrophoresis Cell (Embi Tec) and ran at 100 V. A 2% agarose 
gel stained with ethidium bromide was used. Migration time varied between 24-32 
minutes for PCR reactions. A 100 base pair ladder was used to determine product size 




















































































(VWR®) at 302 nm and results recorded with a digital CP3800 Cannon camera and 
printed with a Selphi camera printer.  
 
Verification of Tick DNA  
Twenty random tick pools were chosen to verify tick DNA was being used for 
amplification. The primers used (TQ16S+1F and TQ16S-2R) were described by Halos et 
al. (2004) and Crowder et al. (2010) and detailed in Table 5.2. The following program 
used:  95°C for minutes continued with 30 cycles of 94°C for 1 minute, 55°C for 1 
minute, 72°C for 1 minute followed by a final 72°C for 5 minutes and a holding 
temperature of 4°C (Salazar 2015).  
 
Assay Protocols using pooled tick samples  
No changes in the protocol were made for any of the tick pools. Since all tick 
pools were measured for DNA concentration and diluted if necessary, 0.5 µl of the tick 
pool was used as a template for reactions.  
 
Positive Sample Verification  
Thirty-one pooled tick samples were randomly chosen and run using the 
Rickettsia and Ehrlichia PCR protocols described above. Twenty random tick pools 
which were positive for  Rickettsia 17 kDa (Adults: Roman Nose SP: April pool (P) 1; 
Lake Thunderbird SP: April P3, May P5, 6, 7, 11, 12, 13, 15, June P3; Sequoyah SP: 
May P20, 22;, June P3, July P3, August P1Nymphs: Sequoyah SP: Nymph May P3, P5; 
Aug P1) were sampled and 11 random tick pools for the Ehrlichia PCR protocol (Adults: 
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Sequoyah SP: May P17, June P4, 5, 9, 12, July P2; Lake Thunderbird SP: April P1, 2, 3; 
Nymphs: Sequoyah SP June P3, Lake Thunderbird April P4) were sampled (Table 5.5). 
Five random tick pools (Adults: Sequoyah SP: May P7, 11, 22; Robbers Cave SP: April 
P2, 3) were sampled for the tick DNA PCR protocol to verify tick DNA (Table 5.5). The 
positive bands were gel extracted using a PureLink™ Quick Gel Extraction Kit 
(Invitrogen) and then sequenced at the Oklahoma State University Core Facility. These 
sequences were then searched in the nucleotide BLAST database to verify the primers 
amplified the target (Table 5.5).  
 
Analysis of tick data  
Because tick DNA was tested by the three PCR assays in pools instead of 
individually, the maximum likelihood estimation (MLE) was used in Microsoft Excel 
2010 (Microsoft Corp, Redmond, WA) to approximate true infection rate of Rickettsia 
spp. and Ehrlichia chaffeensis in the field-collected tick samples. This analysis has been 
used by others who were also focused on tick-borne pathogens in field collected ticks 
(Nadolny et al 2014; Russart et al 2014). The software used to perform MLE is available 
from the Centers for Disease Control (CDC, 2013). When conducting the analysis, when 









Tick exposure risk indices in state parks across Oklahoma 
During the preliminary survey from summer 2014, 755 ticks were collected from 
8 state parks (Fig 5.2). The majority of ticks were A. americanum (752 (99.6 %)) 
followed by D. variabilis (2 (0.26 %)) and I. scapularis (1 (0.013%)).  
 
Figure 5.2. Geographic map of state parks sampled in 2014 and 2015. Boiling Springs SP 
and Lake Tenkiller SP were not revisited in 2015. Credit: Google Earth 
 
 
During the sampling of summer 2015, 1035 ticks were collected between April 
and August in 6 state parks: 975 (94.2 %) A. americanum, 37 (3.57 %) D. variabilis and 
23 (2.22 %) I. scapularis (Table 5.3).  All D. variabilis, except two, were collected in 
Roman Nose SP while I. scapularis was collected in three eastern state parks in April and 
May.  In all the eastern and central state parks, between 70% and 82% of all A. 
americanum were collected in May or June while D. variabilis was collected between 
May and July in Roman Nose SP in western Oklahoma.  The majority of I. scapularis 




Table 5.3. Summary of ticks collected in each state park by species and month in 
Summer 2015. 
 





April A. americanum Adult 18 (7.69%) 
Nymph 6 (2.56%) 
May A. americanum Adult 74 (31.6%) 
Nymph 30 (12.8%) 
June A. americanum Adult 49 (20.9%) 
Nymph 23 (9.83%) 
July A. americanum Adult 8 (3.42%) 
Nymph 24 (10.25%) 
August A. americanum Adult 1 (0.43%) 
Nymph 1 (0.43%) 
 Total = 234 
July D. variabilis Adult 2 (100%) 
 Total = 2 
Roman Nose April D. variabilis Adult 3 (8.57%) 
May D. variabilis Adult 12 (34.3%) 
June D. variabilis Adult 5 (14.3%) 
July D. variabilis Adult 13 (52.0%) 
August D. variabilis Adult 2 (5.71%) 
 Total = 35 
Sequoyah April A. americanum Adult 26 (5.23%) 
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Nymph 20 (4.02%) 
May A. americanum Adult 111 (22.3%) 
Nymph 103 (20.7%) 
June A. americanum Adult 57 (11.5%) 
Nymph 77 (15.5%) 
July A. americanum Adult 22 (4.43%) 
Nymph 56 (11.3%) 
August A. americanum Adult 1 (0.20%) 
Nymph 24 (4.83%) 
 Total = 497 
April I. scapularis Adult 1 (50.0%) 
May I. scapularis Adult 1 (50.0%) 
 Total =2 
Greenleaf April A. americanum Adult 5 (2.37%) 
Nymph 4 (1.9%) 
May A. americanum Adult 39 (18.5%) 
Nymph 7 (3.32%) 
June A. americanum Adult 68 (32.2%) 
Nymph 58 (27.5%) 
July A. americanum Adult 10 (4.74%) 
Nymph 10 (4.74%) 
August A. americanum Nymph 10 (4.74%) 
 Total = 211 
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April I. scapularis Adult 3 (60.0%) 
May I. scapularis Adult 2 (40.0%) 
 Total = 5 
Robbers Cave April A. americanum Adult 3 (10.0%) 
May A. americanum Adult 3 (10.0%) 
Nymph 8 (26.7%) 
June A. americanum Adult 4 (13.3%) 
Nymph 9 (30.0%) 
July A. americanum Nymph 3 (10.0%) 
August no ticks collected 
 Total = 30 
April I. scapularis Adult 13 (92.8%) 
May I. scapularis Adult 1 (7.14%) 
 Total = 14 
Lake Wister May A. americanum Adult 1 (33.3%) 
June no ticks collected/park not available due to flooding 
July A. americanum Adult 1 (33.3%) 
Nymph 1 (33.3%) 
August no ticks collected 
   Total = 3 
April I. scapularis Adult 2 (100%) 
 Total = 2 
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Evaluating risk of encountering ticks across state parks in Oklahoma (Fig 5.3 & 
Table 5.4), it is quite apparent that Sequoyah State Park (Fig 5.3B) has the greatest risk 
and Lake Wister State Park (Fig 5.3F) has the lowest.   This high risk of tick encounter in 
Sequoyah SP is spread across the months of May and June.  Similarly, the second highest 
tick encounter risk in Lake Thunderbird state park (Fig 5.3A) is spread across three 
months.  Greenleaf State Park (Fig 5.3E), while having a high risk peak in June, has 
considerably lower encounter risk in May and July.  The risk values for Roman Nose (Fig 













State Park Month 
Unit 
(ticks/minute) 









May 5.2 May 2.4 
June 3.6 June 6.3 
July 5.2 July 1.0 
August 1.2 August 0.5 





May 0.6 May 0.6 
June 0.25 June 0.65 
July 0.65 July 0.15 






May 12.05 May 0.05 
June 13.4 July 0.1 




Prevalence of tick-borne pathogens in tick pools from Oklahoma state parks 
Ehrlichia chaffeensis: Figure 5.4 shows a representative gel used to determine 
prevalence of E. chaffeensis in tick pools collected from 6 state parks (Table 5.6).  Total 
prevalence rates for E. chaffeensis from pools of adult and nymphal A. americanum from 
five state parks varied between 0% and 13.9%.  Lake Thunderbird (13.9%; 5 positive/36 
pools) and Sequoyah SP (13.3%; 8 positive/60 pools) were contrasted with no positive 
pools from Greenleaf SP (0/33 pools), Robbers Cave (0/6) and Lake Wister (0/2).  
Comparing total MLE rates was possible only for ticks collected from two state parks.  
The total MLE for Lake Thunderbird (22.33%; 5 positives/36 pools/228 ticks) was higher 
than that for Sequoyah SP (16.67%; 8 positives/60 pools/496 ticks).  The only state park 
which had enough individual variability for the MLE to compare infection rates between 
months was Sequoyah SP with E. chaffeensis infections peaking in adult A. americanum 
collected in June 2015.  All randomly chosen samples from state parks that were 












Table 5.5. Pools were randomly chosen and positive bands were extracted from the gel 
and sent to the OSU core facility to be sequenced. Sequences were then placed into 
BLAST to receive the following information.  
 
Tick Pool 
Species Ident e-  
Value 
Accession 
 E. chaffeensis primers 
Sequoyah SP 
May pool 17 E. chaffeensis str. West Paces, 
complete genome 
99% 4e-177 CP007480.1 
June pool 4 E. chaffeensis str. West Paces, 
complete genome 
99% 7e-180 CP007480.1 
June pool 5 E. chaffeensis str. West Paces, 
complete genome 
99% 9e-170 CP007480.1 
June pool 9 E. chaffeensis str. West Paces, 
complete genome 
99% 9e-179 CP007480.1 
June pool 12 E. chaffeensis str. West Paces, 
complete genome 
99% 1e-177 CP007480.1 
June nymph 
pool 3 
E. chaffeensis str. West Paces, 
complete genome 
99% 7e-175 CP007480.1 
July pool 2 E. chaffeensis str. West Paces, 
complete genome 
99% 2e-176 CP007480.1 
Lake Thunderbird SP 
April pool 1 E. chaffeensis str. West Paces, 
complete genome 
99% 2e-180 CP007480.1 
April pool 2 E. chaffeensis str. West Paces, 
complete genome 
99% 2e-176 CP007480.1 
April pool 3 E. chaffeensis str. West Paces, 
complete genome 
99% 3e-179 CP007480.1 
April pool 4 E. chaffeensis str. West Paces, 
complete genome 
100% 2e-175 CP007480.1 
 Rickettsia spp. 17kDa primers 
Roman Nose SP  
April pool 1 Rickettsia montanensis str, OSU 
85-930, complete genome 
99% 1e-100 CP003340.1 
Lake Thunderbird SP 
April pool 3 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
99% 2e-103 CP003334.1 
 May pool 5 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
99% 5e-100 CP003334.1 
May pool 6 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
98% 1e-100 CP003334.1 
May pool 7 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
98% 3e-82 CP003334.1 
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May pool 11 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
97% 2e-93 CP003334.1 
May pool 12 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
99% 6e-104 CP003334.1 
May pool 13 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
98% 8e-98 CP003334.1 
May pool 15 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
99% 2e-104 CP003334.1 
June pool 3 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
99% 5e-100 CP003334.1 
Sequoyah SP 
May pool 20 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
100% 8e-103 CP003334.1 
May pool 22 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
100% 4e-101 CP003334.1 
May nymph 
pool 3 
Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
100% 2e-103 CP003334.1 
May nymph 
pool 5 
Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
100% 6e-104 CP003334.1 
June nymph 
pool 3 
Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
99% 8e-103 CP003334.1 
July pool 3 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
99% 1e-100 CP003334.1 
August pool 1 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
99% 1e-106 CP003334.1 
August nymph 
pool 1 
Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
99% 8e-103 CP003334.1 
Greenleaf SP 
June pool 11 Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
99% 2e-104 CP003334.1 
June nymph 
pool 1 
Candidatus Rickettsia amblyommii 
str. GAT-30V, complete genome 
99% 4e-101 CP003334.1 
Tick DNA primers 
May pool 7 Amblyomma americanum 
mitochondrion, complete genome 
96% 5e-121 KP941755.1 
May pool 11 Amblyomma americanum 
mitochondrion, complete genome 
99% 4e-136 KP941755.1 
May pool 22 Amblyomma americanum 
mitochondrion, complete genome 
99% 2e-118 KP941755.1 
Robbers Cave SP 
April pool 3 Ixodes scapularis (isolate 2 strain 
Georgia 3), mitochondrial 16S 
ribosomal RNA (16S rDNA) gene 
fragment 
91% 6e-105 L43860.1 
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April pool 2 Ixodes scapularis (isolate IscaGA 
16S ribosomal RNA gene) partial 
sequence, mitochondrial 




Figure 5.4. Representative gel from the E. chaffeensis nested PCR assay on pools of ticks 
collected in Oklahoma State Parks, nested primers HE1 and HE3, 2% agarose, ran at 
100V for up to 32 minutes. Lanes: 1) 100 bp ladder, 2-11) State Park tick pool samples: 
Seq June nymph Pool 4, Seq July Pool 1, 2, 3, 4, 5, Seq July nymph Pool 1, 2, 3, Seq Aug 
Pool 1, 12) Negative from ECB/ECC primers, 13) Positive from ECB/ECC primers, 14) 
Negative from HE1/HE3 primers, 15) Positive from HE1/HE3 primers, 16) 100 bp 


















Table 5.6. Prevalence of Ehrlichia chaffeensis in pools of Oklahoma state park-collected 
ticks from summer 2015.    
 
 
Rickettsia spp.: Figure 5.5 shows a representative gel use to determine prevalence 
of Rickettsia sp. in tick pools collected from 6 state parks (Table 5.7).  Total prevalence 
rates for Rickettsia sp. from pools of adult and nymphal A. americanum from five state 
parks varied between 0% and 93.3%.  Sequoyah SP (93.3%; 56 positive/60 pools) had the 
highest pooled prevalence rate followed by Greenleaf SP (65.5%; 21 positive/32 pools), 
Robbers Cave SP (50%; 3 positive/6 pools), Lake Thunderbird (47.2%; 17 positive/36 
pools), Roman Nose SP (22.2%; 2 positive/9 pools) and Lake Wister SP (0 











Lake Thunderbird April Ehrlichia A. americanum Adults 4 4 18 100 N/A
Nymphs 0 1 6 0 0
May Ehrlichia A. americanum Adults 1 15 72 6.67 1.39
Nymphs 0 1 27 0 0
June Ehrlichia A. americanum Adults 0 10 48 0 0
Nymphs 0 1 23 0 0
July Ehrlichia A. americanum Adults 0 2 32 0 0
Nymphs 0 1 24 0 0
August Ehrlichia A. americanum Adults 0 1 2 0 0
Sequoyah April Ehrlichia A. americanum Adults 0 5 25 0 0
Nymphs 0 1 20 0 0
May Ehrlichia A. americanum Adults 1 23 111 3.57 0.9
Nymphs 0 5 103 0 0
June Ehrlichia A. americanum Adults 4 12 57 33 7.68
Nymphs 1 4 77 25 1.27
July Ehrlichia A. americanum Adults 1 5 22 20 4.56
Nymphs 0 3 56 0 0
August Ehrlichia A. americanum Adults 1 1 1 100 N/A
Nymphs 0 1 24 0 0
Greenleaf April Ehrlichia A. americanum Adults 0 2 8 0 0
May Ehrlichia A. americanum Adults 0 8 47 0 0
Nymphs 0 1 7 0 0
June Ehrlichia A. americanum Adults 0 14 68 0 0
Nymphs 0 3 58 0 0
July Ehrlichia A. americanum Adults 0 3 20 0 0
Nymphs 0 1 10 0 0
August Ehrlichia A. americanum Nymphs 0 1 10 0 0
Robbers Cave April Ehrlichia A. americanum Adults 0 1 2 0 0
May Ehrlichia A. americanum Adults 0 1 3 0 0
Nymphs 0 1 8 0 0
June Ehrlichia A. americanum Adults 0 1 4 0 0
Nymphs 0 1 9 0 0
July Ehrlichia A. americanum Nymphs 0 1 3 0 0
Lake Wister July Ehrlichia A. americanum Adults 0 2 2 0 0
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positive/2pools).  The only two state parks which had enough variability for the MLE to 
compare total infection rates were Lake Thunderbird SP (80.60%; 16 positives/35 
pools/226 ticks) and Roman Nose SP (58.37%; 2 positives/9 pools/34 ticks).  The 
Rickettsia spp. detected in D. variabilis collected from Roman Nose SP were aligned 
with R. montanensis while Rickettsia sp. detected in A. americanum from all the other 
State Parks aligned with Candidatus ‘R. amblyommii’ (Table 5.5).   
 
 
Figure 5.5. Representative gel from the pan-specific Rickettsia 17kDa PCR assay on 
pools of ticks collected in Oklahoma State Parks, primers TZ15 and TZ16, 2% agarose, 
ran at 100V for up to 30 minutes. Lanes: 1) 100 bp ladder, 2-14) State Park tick pool 
samples: Sequoyah SP: Adults: May Pool 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
















Table 5.7. Prevalence of Rickettsia sp. in pools of Oklahoma state park collected ticks 









State Park Month PCR Tick Species Life Stage
Number of 
positive pools








Lake Thunderbird April Rickettsia A. americanum Adults 0 4 18 0 0
Nymphs 0 1 6 0 0
May Rickettsia A. americanum Adults 9 15 72 56 16.46
Nymphs 0 1 27 0 0
June Rickettsia A. americanum Adults 6 10 48 60 16.73
Nymphs 0 1 23 0 0
July Rickettsia A. americanum Adults 1 2 8 50 10.74
Nymphs 0 1 24 0 0
Rickettsia D. variabilis Adults 0 1 1 0 0
August Rickettsia A. americanum Adults 1 1 2 100 N/A
Roman Nose April Rickettsia D. variabilis Adults 1 1 3 100 N/A
May Rickettsia D. variabilis Adults 0 3 12 0 0
June Rickettsia D. variabilis Adults 0 1 5 0 0
July Rickettsia D. variabilis Adults 0 3 12 0 0
August Rickettsia D. variabilis Adults 1 1 2 100 N/A
Sequoyah April Rickettsia A. americanum Adults 5 5 25 100 N/A
Nymphs 1 1 29 100 N/A
May Rickettsia A. americanum Adults 20 23 111 86.9 32.79
Nymphs 5 5 103 100 N/A
June Rickettsia A. americanum Adults 11 12 57 91.7 36.15
Nymphs 4 4 77 100 N/A
July Rickettsia A. americanum Adults 5 5 22 100 N/A
Nymphs 3 3 56 100 N/A
August Rickettsia A. americanum Adults 1 1 1 100 N/A
Nymphs 1 1 24 100 N/A
Greenleaf April Rickettsia A. americanum Adults 1 1 4 100 N/A
May Rickettsia A. americanum Adults 5 8 40 62.5 16.44
Nymphs 1 1 7 100 N/A
June Rickettsia A. americanum Adults 8 14 68 57.1 15.58
Nymphs 3 3 58 100 N/A
July Rickettsia A. americanum Adults 1 3 12 33.3 8.44
Nymphs 1 1 10 100 N/A
August Rickettsia A. americanum Nymphs 1 1 10 100 N/A
Robbers Cave April Rickettsia A. americanum Adults 1 1 2 100 N/A
May Rickettsia A. americanum Adults 1 1 3 100 N/A
Nymphs 1 1 8 100 N/A
June Rickettsia A. americanum Adults 0 1 4 0 0
Nymphs 0 1 9 0 0
July Rickettsia A. americanum Nymphs 0 1 3 0 0
Lake Wister July Rickettsia A. americanum Adults 0 2 2 0 0
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Borrelia burgdorferi:  No Borrelia burgdorferi was detected in 5 pools of 18 I. 
scapularis collected from three state parks (Fig 5.6 & Table 5.8). 
 
Table 5.8. Prevalence of Borrelia burgdorferi in pools of I. scapularis collected in 




Figure. 5.6. Representative gel from the B. burgdorferi PCR assay on pools of ticks 
collected in Oklahoma State Parks, primers ospA2 and ospA4, 2% agarose, ran at 100V 
for up to 30 minutes. Lanes: 1) 100 bp ladder, 2-7) State Park pool samples: Sequoyah SP 
May Pool A, Greenleaf SP: Apr Pool 2, May Pool 9, Robbers Cave SP: Apr Pool 1, 2, 
2.5, May Pool 2 8) Negative control 9) Positive control, 10) 100 bp ladder, and 11-17) 
blank.  
 
Analysis of MLE was done to compare between pathogens, state parks, and months of the 
year of the sampling.  Only the MLE for Rickettsia sp. significantly differed between 
adults and nymphs (Table 5.9) and state parks (Table 5.10).  No comparisons of Ehrlichia 
chaffeensis infections were significant.  
 
State Park Month PCR Tick Species Life Stage
Number of 
positive pools








Sequoyah May Borrelia I scapularis Adult 0 1 1 0 0
Greenleaf April Borrelia I scapularis Adult 0 1 2 0 0
May Borrelia I scapularis Adult 0 1 2 0 0
Robbers Cave April Borrelia I scapularis Adult 0 3 12 0 0
May Borrelia I scapularis Adult 0 1 1 0 0
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SEMLEPCT P value 
Ehrlichia Adults 0.9081 0.53744 
0.0808 
Ehrlichia Nymphs 0.0794 0.07938 
Rickettsia Adults 10.2220 3.13588 
0.0472 
Rickettsia Nymphs 0.0000 0.00000 
 
Table 5.10. Statistical analysis using SAS comparing the State Parks and pathogen. 




SEMLEPCT P value 




0.1986 a 0.19857 
Ehrlichia Lake Wister 0.0000 a . 
Ehrlichia Robbers 
Cave 
0.0000 a 0.00000 
Ehrlichia Sequoyah 1.6011 a 0.90620 




4.8811 b 2.50484 
Rickettsia Lake Wister 0.0000 b . 
Rickettsia Robbers 
Cave 
0.0000 b 0.00000 
Rickettsia Roman 
Nose 
0.0000 b 0.00000 










SEMLEPCT P value 
Ehrlichia April 0.0000 a 0.00000 
0.5089 
Ehrlichia May 0.2863 a 0.19303 
Ehrlichia June 1.1188 a 0.95040 
Ehrlichia July 0.5700 a 0.57000 
Ehrlichia August 0.0000 a 0.00000 
Rickettsia April 0.0000 a 0.00000 
0.3144 
Rickettsia May 13.1380 a 6.13740 
Rickettsia June 9.7800 a 5.25519 
Rickettsia July 2.7400 a 1.78638 
Rickettsia August . . 
 
Discussion 
This study provides a report based on systematic collection of the risk of 
encountering ticks in 6 Oklahoma State parks. The three parks with the highest risk of 
encountering ticks were Sequoyah SP, Greenleaf SP, and Lake Thunderbird SP with 
Sequoyah SP having the highest risk of tick exposure of an average of 6.59 ticks per 
minute per month, the majority of which were A. americanum. There have been other 
studies that have recorded the risk of encountering D. variabilis and I. scapularis on park 
trails in various parts of the United States (Carroll et al. 1991; Cilek & Olson 2000; Han 
et al. 2014; Oliver & Howard 1998; Paskewitz et al. 2001). This appears to be the first 
record for the encounter risk of A. americanum in parks in the southcentral United States 
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between April and August, the prime time in which most people visit state parks with 
their companion animals.  
Considering risk of encountering ticks within various ecosystems, the 
considerable differences in risk over the summer of 2015 was quite apparent between 
Sequoyah SP (highest risk) and Lake Wister SP (lowest risk).  These two state parks are 
in two different ecoregions (okatlas.org, 2004) with Sequoyah SP in denser Eastern and 
Ozark broadleaf forest, which is characterized by a predominantly Oak-Hickory forest 
with a well-developed understory (fs.fed.us, 2008), and Lake Wister SP in Southeastern 
and Ouachita mixed forest, which is characterized by a mix of deciduous trees such as 
Maple and Elm but with 50% cover coming from Pines (fs.fed.us, 2008).  While both 
State park systems support the same species of ticks in similar proportions, the lack of 
encountering ticks in Lake Wister SP, while still in eastern Oklahoma, is notable.  It is 
possible that the rain (the month of May 2015 being the wettest month on record with an 
average rainfall across the state of Oklahoma being 14.06” and Lake Wister setting a new 
pool record that month with 508.35’(NOAA2015)) which affected the region may have 
changed some of the risk potential. However, both sites were usually sampled within a 
day of each other so the data is probably quite representative.   
While not as low as Lake Wister SP, Robbers Cave SP with its Southeastern 
mixed forest and prairie parkland also does not appear to create the same habitat as 
Sequoyah SP for A. americanum to thrive. Interestingly, though, the majority of I. 
scapularis collected during the summer of 2015 were encountered in Robbers Cave SP in 
April, providing some indication that this kind of survey work should probably be done 
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year round in these parks in order to truly be able to understand the phenology of tick 
species in various ecoregions. 
The differences in tick encounter risk rates between Sequoyah SP and Greenleaf 
SP were also notable.  Located in the same area of eastern Oklahoma and only 50 
minutes apart, Sequoyah SP is characterized by oak-hickory, deciduous forest (fs.fed.us, 
2008), while Greenleaf SP is mainly characterized by prairie parkland, which is 
characterized by an intermingled prairie with strips of deciduous trees such as oak-
hickory (fs.fed.us, 2008) which creates a more temperate climate.  It is obvious that this 
difference in vegetation, while small, can make a large impact on risk of experiencing a 
tick during one’s tenure in the park in different months of the summer.  The differences 
between parks can also occur due to the different trails used for sampling.  The Greenleaf 
SP trail was better maintained due to its primacy as hiking trail while the Sequoyah SP 
trail was used most often utilized as a bike trail and hence did not need the same level of 
attention by park personnel.  The differences could make a change in the way that 
understory and trail edges were maintained, making it more likely to encounter a tick in 
Sequoyah SP instead of Greenleaf SP. 
While lower in risk than Sequoyah SP, Lake Thunderbird SP in central Oklahoma 
had a high sustained risk of tick encounter throughout the summer.  Compared with the 
vegetation composition of Sequoyah SP, Lake Thunderbird SP is characterized by Great 
Plains steppe and shrub and prairie parkland which includes tall grasses with cross 
timbers and intermingled prairie with strips of deciduous trees (including oak hickory) 
respectively (fs.fed.us, 2008). This means, that while the vegetation may differ between 
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the two areas, the habitats are still conducive for A. americanum ticks which appear to 
thrive in both state parks.  
Finally, in stark contrast with the other five state parks, Roman Nose SP was only 
characterized by the collection of D. variabilis during the survey period.  This tick is 
associated with drier conditions which are present in the vegetation of Great Plains steppe 
and shrub which includes tall grasses with cross timbers mix (fs.fed.us, 2008).  To date, 
only one A. americanum has been collected in Roman Nose SP despite numerous 
sampling efforts over a two year period (Dr. B Noden, personal communication).  While 
A. americanum has been reported in the county in which Roman Nose SP is present 
(Barrett et al. 2015), the lack of encountering Lone Star ticks on a regular basis in the 
park was notable and something that should be further developed in the future.  
The results from this study can broadly categorize species of ticks within specific 
ecoregions in the state.   Amblyomma americanum was the primary tick present for state 
parks on the eastern side of the state featuring eastern broadleaf forest, Ozark broadleaf 
forest, and temperate prairie parkland ecoregions. The primary tick present for state parks 
in the southeastern parks during April -May was I. scapularis in the southeastern mixed 
forest and Ouachita mixed forest ecoregions. Finally, D. variabilis was the only tick 
species collected at Roman Nose SP which is within the western Great Plains steppe and 
shrub ecoregion. 
The A. americanum ticks were tested for Ehrlichia chaffeensis as it is an 
important zoonotic tick-borne pathogen that is increasing in humans and companion 
animals within the United States (Bayles & Allan 2013; Little et al. 2014)  E. chaffeensis 
is the bacteria that causes an infection in humans known as Human Monocytic 
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Ehrlichiosis (Bayles & Allen 2013). It is thought that the increase in E. chaffeensis 
incidence may be due to the increasing geographical range and abundance of A. 
americanum (Heise et al. 2010; Bayles & Allan 2013; Dahlgren et al. 2015).  Pools of A. 
americanum tested positive in Sequoyah SP and Lake Thunderbird SP with total MLE 
infection rates of 16.7% and 22.3%, respectively.  These infection rates are well within 
the region for E. chaffeensis infections in field-collected ticks in the state (Dr. Susan 
Little, personal communication).  While notable that E. chaffeensis was not detected in 
ticks collected from other parks, it does not mean that the pathogen is not present.   
Future studies are needed to follow up this work to confirm this finding. 
Both D. variabilis and A. americanum ticks were tested for Rickettsia spp. as they 
are the primary vector of Rickettsia rickettsii (Heise et al 2010) as well as other Spotted 
Fever rickettsiae in the Spotted Fever group complex (Dahlgren et al. 2015).  The 
detection of R. montanensis in D. variabilis collected from Roman Nose SP is notable 
since R. montanensis is a known human pathogen (McQuiston et al. 2012) and a 
commonly associated endosymbiont in D. variabilis (Barrett et al. 2014).  The high 
infection rate of Candidatus ‘R. amblyommii’ in A. americanum was expected as it is 
commonly found at prevalence rates between 60% and 90% in field-collected ticks in the 
United States (Nadolny et al. 2014; Dahlgren et al. 2015).  Again, more research is 
needed to verify which Rickettsia are responsible for the Rocky Mountain spotted fever 
often associated with Oklahoma (Openshaw et al. 2010).  
None of the I. scapularis pools tested were positive for Borrelia burgdorferi. 
Again, this observation was not surprising as Oklahoma is known to be a ‘Lyme free’ 
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state due to feeding of the larvae on lizards instead of B. burgdorferi infected white-
footed mice (Durden et al. 2002; Garvin et al. 2015). 
While all attempts were made to maximize the study design so as to collect data 
from which correlations can be made, several limitations were present which could 
influence the extent of comparisons between the state parks. First of all, only one 
collection replicate was carried out in each month at each park. While valuable, this only 
enables comparisons between parks over the whole summer period instead of by month. 
Another limitation is the use of pooled ticks to determine possible prevalence by MLE. 
Due to the numbers of ticks tested and pool sizes, the Rickettsia spp. prevalence is too 
high for the MLE analysis to work well. Also, due to the overabundance of A. 
americanum in most state parks, the pathogen prevalence in other tick species may not be 
reliable with the need for further focused collections in the future.  
Altogether, the data suggest a high risk for encountering A. americanum in eastern 
and central state parks in Oklahoma between April and August. With high tick risk 
encounter rates in three of the five in eastern and central parks, the data suggests a 
relatively high risk of encountering a tick with Rickettsia spp. with a low risk for E. 
chaffeensis. Western state parks are mainly dominated by D. variabilis which have a 
relatively low prevalence of R. montanensis. Altogether, the data can be used by state 
parks to continue evaluating strategies to reduce risk of tick encounters and identify new 
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SUMMARY OF THESIS 
 
 
Altogether, these projects have filled in important gaps in knowledge in regards to the 
ecology of Oklahoma ticks of medical and veterinary importance. Chapters 3 and 5 
focused on the importance of the habitats in specific ecoregions for the major tick species 
habitat along with a county by county update of tick distributions. Chapter 4 filled in 
another important transporter of ticks in the state through a novel large mammalian host.  
Additionally, the risk of encountering several tick-borne pathogens were covered in 
chapter 5 to demonstrate their presence is in ticks in various Oklahoma State Parks. All of 
the new information presented in this thesis serves to fill in critical gaps regarding the 
disease triangles where tick-borne pathogens are concerned in the Great Plains region. 
This information is vital to the complete understanding of tick-borne pathogen diseases 
within the state at an epidemiological level as well providing ideas for regional 
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